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Notice

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

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. You should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

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

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

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

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

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

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

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

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

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

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

® PRECAUTION AGAINST ESD

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

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

® POWER ON/OFF SEQUENCE

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

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

® INPUT OF SIGNAL DURING POWER OFF STATE
Do not input signals or an I/O pull-up power supply while the device is not powered. The current
injection that results from input of such a signal or I/O pull-up power supply may cause malfunction and
the abnormal current that passes in the device at this time may cause degradation of internal elements.
Input of signals during the power off state must be judged separately for each device and according to
related specifications governing the device.

FIP and EEPROM are trademarks of NEC Electronics Corporation.

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

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

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

SPARCstation is a trademark of SPARC International, Inc.

Solaris and SunOS are trademarks of Sun Microsystems, Inc.
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These commaodities, technology or software, must be exported in accordance
with the export administration regulations of the exporting country.
Diversion contrary to the law of that country is prohibited.

Purchase of NEC Electronics 1°C components conveys a license under the Philips I°C Patent Rights to use
these components in an 12C system, provided that the system conforms to the 12C Standard Specification as
defined by Philips.

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

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

e NEC Electronics does not assume any liability for infringement of patents, copyrights or other intellectual
property rights of third parties by or arising from the use of NEC Electronics products listed in this document
or any other liability arising from the use of such products. No license, express, implied or otherwise, is
granted under any patents, copyrights or other intellectual property rights of NEC Electronics or others.

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

e While NEC Electronics endeavors to enhance the quality, reliability and safety of NEC Electronics products,
customers agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To
minimize risks of damage to property or injury (including death) to persons arising from defects in NEC
Electronics products, customers must incorporate sufficient safety measures in their design, such as
redundancy, fire-containment and anti-failure features.

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

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

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

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

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

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

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

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

(Note)

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

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

M8E 02.11-1
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Regional Information

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

« Device availability
« Ordering information

« Product release schedule

« Availability of related technical literature

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

» Network requirements

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

from country to country.

[GLOBAL SUPPORT]

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

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

800-366-9782

NEC Electronics (Europe) GmbH NEC Electronics Hong Kong Ltd.

Duesseldorf, Germany
Tel: 0211-65030

* Sucursal en Espana
Madrid, Spain
Tel: 091-504 27 87

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

e Filiale Italiana
Milano, Italy
Tel: 02-66 75 41

« Branch The Netherlands
Eindhoven, The Netherlands
Tel: 040-2445845

» Tyskland Filial
Taeby, Sweden
Tel: 08-63 80 820

« United Kingdom Branch
Milton Keynes, UK
Tel: 01908-691-133
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Hong Kong
Tel: 2886-9318

NEC Electronics Hong Kong Ltd.
Seoul Branch

Seoul, Korea

Tel: 02-558-3737

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

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

NEC Electronics Singapore Pte. Ltd.

Novena Square, Singapore
Tel: 6253-8311
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INTRODUCTION

Readers This manual is intended for user engineers who wish to understand the functions of
the uPD789167, 789177, 789167Y, and 789177Y Subseries in order to design and
develop its application systems and programs.

Target products:
® /PD789167 Subseries:  ©PD789166, 789167, 789166(A), 789167(A),
789166(A1), 789167(A1), 789166(A2), 789167(A2)
® /PD789177 Subseries:  uPD789176, 789177, 78F9177, 78F9177A,
789176(A), 789177(A), 78F9177A(A), 789176(A1),
789177(A1), 78F9177A(A1), 789176(A2),
789177(A2)
® ,PD789167Y Subseries: uPD789166Y, 789167Y, 789166Y(A), 789167Y(A)
® /PD789177Y Subseries: uPD789176Y, 789177Y, 78F9177Y, 78F9177AY,
789176Y(A), 789177Y(A), 78F9177AY(A)
The 4PD789167, 789177, 789167Y, and 789177Y Subseries is a generic term for all
the target devices in this manual.
The generic terms used in this manual indicate the following products.
“Standard quality grade products”... uPD789166, 789167, 789176, 789177, 78F9177,
78F9177A, 789166Y, 789167Y, 789176Y, 789177Y, 78F9177Y, 78F9177AY
“(A) products”... uPD789166(A), 789167(A), 789176(A), 789177(A),
78F9177A(A), 789166Y(A), 789167Y(A), 789176Y(A),
789177Y(A), 78F9177AY (A)

“(A1) products”...  uPD789166(A1), 789167(A1), 789176(A1), 789177(A1),
78F9177A(A1)
“(A2) products”...  ©PD789166(A2), 789167(A2), 789176(A2), 789177(A2)

“Mask ROM versions”... uPD789166, 789167, 789176, 789177, 789166Y,
789167Y, 789176Y, 789177Y, 789166(A), 789167(A),
789176(A), 789177(A), 789166Y(A), 789167Y(A),
789176Y(A), 789177Y(A), 789166(A1), 789167(A1),
789176(A1), 789177(A1), 789166(A2), 789167(A2),
789176(A2), 789177(A2)
“Flash memory versions”... ©PD78F9177, 78F9177A, 78F9177A(A),
78F9177A(A1), 78F9177Y, 78F9177AY,
78F9177AY(A)

Purpose This manual is intended to give users an understanding of the functions described in
the Organization below.
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Organization The 4PD789167, 789177, 789167Y, 789177Y Subseries manual is divided into two
parts: this manual and the instruction manual (common to the 78K/0S Series).

uPD789167, 789177, 789167Y, 78K/0S Series
789177Y Subseries
User's Manual
(This manual)

Instruction
User's Manual

e Pin functions

e Internal block functions

Interrupts

e CPU function
o Instruction set
o Instruction description

o Other internal peripheral functions

Electrical specifications

How to Read This Manual It is assumed that the readers of this manual have general knowledge of electric
engineering, logic circuits, and microcontrollers.

¢ For users who use this document as the manual for the uPD789166(A), 789167(A),
789176(A), 789177(A),
789166(A1), 789167(A1), 789176(A1), 789177(A1), 789166(A2), 789167(A2),
789176(A2), 789177(A2), 78F9177A(A), 78F9177AY(A), and 78F9177A(A1)

— The only differences between standard products and (A) products, (A1)
products, and (A2) products are quality grades, power supply voltage,
operating ambient temperature, minimum instruction execution time, and
electrical specifications. (Referto 1.10 Differences Between Standard Quality
Grade Products and (A) Products, (A1) Products, and (A2) Products, and 2.10
Differences Between Standard Quality Grade Products and (A) Products.) For
(A) products, (A1) products, and (A2) products, read the part numbers
indicated in Chapters 3 to 22 in the following manner.

uPD789166
uPD789167
uPD789176
uPD789177
uPD789166Y
uPD789167Y
uPD789176Y
uPD789177Y
uPD78F9177A

—

Ll Ll

—

HUPD78F9177AY —
¢ To understand the overall functions of the ¢PD789167, 789177, 789167Y, and

789177Y Subseries

789166Y(A), 789167Y(A), 789176Y(A), 789177Y(A),

uPD789166(A), 789166(A1), 789166(A2)
uPD789167(A), 789167(A1), 789167(A2)
1PD789176(A), 789176(A1), 789176(A2)
1PD789177(A), 789177(A1), 789177(A2)
uPD789166Y(A
4PD789167Y(A
14PD789176Y(A
(4PD789177Y(A
uPD789177A(A), 78F9177A(A1)
LPD78F9177AY(A)

)
)
)
)

— Read this manual in the order of the CONTENTS.
¢ How to read register formats

— The name of a bit whose number is enclosed with < > is reserved in the
assembler and is defined as an sfr variable by the #pragma sfr directive in the C

compiler.

¢ To learn the detailed functions of a register whose register name is known
— See APPENDIX C REGISTER INDEX.
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¢ To learn the details of the instruction functions of the 78K/0S Series
— Refer to 78K/0S Series Instructions User's Manual (U11047E) separately
available.
¢ To know the electrical specifications of the xPD789167, 789177, 789167Y, and
789177Y Subseries
— Referto CHAPTER 23 ELECTRICAL SPECIFICATIONS (x«PD78916x, 17x,
16xY, 17xY, 16x(A), 17x(A), 16xY(A), 17xY(A)), CHAPTER 25
ELECTRICAL SPECIFICATIONS (zPD78916x(A1), 78917x(A1), 78916x(A2),
78917x(A2)), CHAPTER 27 ELECTRICAL SPECIFICATIONS
(uPD78F9177A, 78F9177AY, 78F9177A(A), 78F9177AY(A)), CHAPTER 28
ELECTRICAL SPECIFICATIONS (¢PD78F9177, 78F9177AY), and
CHAPTER 30 ELECTRICAL SPECIFICATIONS (x#PD78F9177A(A1)).

Caution The application examples in this manual are created for “Standard”
quality grade products for general electric equipment. When using
the application examples in this manual for purposes which require
“Special” quality grades, thoroughly examine the quality grade of
each part and circuit actually used.
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Differences between 4PD789167, 789177, 789167Y, and 789177Y Subseries
The 4PD789167, 789177, 789167Y, and 789177Y Subseries differ in their package type, A/D converter resolution,
and serial interface configuration.

Subseries uPD789167 uPD789177 uPD789167Y uPD789177Y
ltem
Package e 44-pin plastic LQFP e 44-pin plastic LQFP
e 48-pin plastic TQFP
IC2 pin Not provided Provided
A/D converter resolution 8 bits 10 bits 8 bits 10 bits
Serial interface 3-wire serial /0 mode 1 channel
configuration SMBO Not provided 1 channel

Configuration of This Manual This manual uses separate chapters to describe the functions that vary between the
subseries. The chapters related to each subseries are listed below.
For information about a certain subseries, see only the chapters indicated by
checkmarks in that subseries’ column.

Chapter 4PD789167 | uPD789177 | uPD789167Y | uPD789177Y
Subseries Subseries Subseries Subseries

CHAPTER 1 GENERAL (1PD789167 AND 789177 SUBSERIES) y J - -
CHAPTER 2 GENERAL (1#PD789167Y AND 789177Y SUBSERIES) - - y J
CHAPTER 3 PIN FUNCTIONS (1#PD789167 AND 789177 V J - -
SUBSERIES

CHAPTER 4 PIN FUNCTIONS (zPD789167Y AND 789177Y - - J J
SUBSERIES)

CHAPTER 5 CPU ARCHITECTURE y J J J
CHAPTER 6 PORT FUNCTIONS v J v J
CHAPTER 7 CLOCK GENERATOR V J J J
CHAPTER 8 16-BIT TIMER 90 y J v J
CHAPTER 9 8-BIT TIMER/EVENT COUNTERS 80 TO 82 y J J J
CHAPTER 10 WATCH TIMER v \ v J
CHAPTER 11 WATCHDOG TIMER V J J J
CHAPTER 12 8-BIT A/D CONVERTER (zPD789167 AND 789167Y y - v -
SUBSERIES)

CHAPTER 13 10-BIT A/D CONVERTER (¢PD789177 AND 789177Y - J - J
SUBSERIES)

CHAPTER 14 SERIAL INTERFACE 20 v \ v J
CHAPTER 15 SMBO (zPD789167Y AND 789177Y SUBSERIES) - - J J
CHAPTER 16 MULTIPLIER y J v J
CHAPTER 17 INTERRUPT FUNCTIONS y J J J
CHAPTER 18 STANDBY FUNCTION v J v J
CHAPTER 19 RESET FUNCTION V J J J
CHAPTER 20 FLASH MEMORY VERSION y J v J
CHAPTER 21 MASK OPTION y J J J
CHAPTER 22 INSTRUCTION SET v J v J
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Conventions Data significance: Higher digits on the left and lower digits on the right
Active low representation: XXX (overscore over pin or signal name)

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

Numerical representation: Binary ... xxxx or xxxxB

Decimal ... xxxx
Hexadecimal ... xxxxH

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

Documents Related to Devices

Document Name Document No.
uPD789167, 789177, 789167Y, 789177Y Subseries User's Manual This manual
78K/0S Series Instructions User's Manual U11047E

* Documents Related to Development Tools (Software) (User's Manuals)

Document Name Document No.
RA78K0S Assembler Package Operation U16656E
Language U14877E
Structured Assembly Language U11623E
CC78K0S C Compiler Operation U16654E
Language U14872E
SM78K Series Ver. 2.52 System Simulator Operation U16768E
External Parts User Open Interface Specifications U15802E
ID78K0S-NS Ver. 2.52 Integrated Debugger Operation U16584E
PM plus Ver. 5.10 U16569E

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

Document Name

Document No.

IE-78K0S-NS In-Circuit Emulator U13549E
IE-78K0S-NS-A In-Circuit Emulator U15207E
IE-789177-NS-EM1 Emulation Board U14621E

Documents Related to Flash Memory Writing

Document Name

Document No.

PG-FP3 Flash Memory Programmer User’'s Manual

U13502E

PG-FP4 Flash Memory Programmer User’'s Manual

U15260E

Other Related Documents

Document Name

Document No.

SEMICONDUCTORS SELECTION GUIDE Product & Packages X13769X
Semiconductor Device Mount Manual Note

Quality Grades on NEC Semiconductor Device C11531E
NEC Semiconductor Device Reliability/Quality Control System C10983E
Guide to Prevent Damage for Semiconductor Devices by Electrostatic Discharge (ESD) C11892E

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

Caution The related documents listed above are subject to change without notice. Be sure to use the latest

version of each document for designing.
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CHAPTER 1 GENERAL (4PD789167 AND 789177 SUBSERIES)

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

Expanded-specification product... Products with a rank" ' other than K

e Mask ROM versions for which orders were received after December 1, 2001 (except (A1) products and (A2)
Note 2
).

products
o uPD78F9177A, 78F9177A(A)
Conventional product... Products with rank™*'K

¢ Products other than the above expanded-specification products.
Notes 1. The rank is indicated by the 5th digit from the left in the lot number marked on the package.

Lot number OO0 OO0 A XXXX

— —
Year Week NEC Electronics
code code control code

Rank

2. For the (A1) products and (A2) products, refer to 1.10 Differences Between Standard Quality Grade
Products and (A) Products, (A1) Products, and (A2) Products.

Expanded-specification products and conventional products differ in operating frequency ratings. The differences

are shown in Table 1-1.

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

Power Supply Voltage (Voo) Guaranteed Operating Speed (Operating Frequency)
Conventional Products Expanded-Specification Products

45t05.5V 5 MHz (0.4 us) 10 MHz (0.2 us)

3.0to 55V 5 MHz (0.4 us) 6 MHz (0.33 us)

27t055V 5 MHz (0.4 us) 5 MHz (0.4 us)

1.8t055V 1.25 MHz (1.6 us) 1.25 MHz (1.6 us)

Remark The values in parentheses indicate the minimum instruction execution time.
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CHAPTER 1 GENERAL (¢PD789167 AND 789177 SUBSERIES)

1.2 Features

* ROM and RAM capacity

ltem Program Memory Data Memory
Product Name (ROM) (Internal High-Speed RAM)
uPD789166, 789176, 789166(A), 789176(A), 789166(A1), Mask ROM 16 KB 512 bytes
789176(A1), 789166(A2), 789176(A2)
1PD789167, 789177, 789167(A), 789177(A), 789167(A1), 24 KB
789177(A1), 789167(A2), 789177(A2)
1PD78F9177, 78F9177A, 78F9177A(A), 78F9177A(A1) Flash memory 24 KB

e Minimum instruction execution time changeable from high-speed (0.2 us:
operation"®) to ultra-low speed (122 us: Subsystem clock 32.768 kHz operation)

e 1/O port: 31
e Serial interface: 1 channel

3-wire serial I/O mode/UART mode: 1 channel
e 8-bit resolution A/D converter: 8 channels (#PD789167 Subseries)
* 10-bit resolution A/D converter: 8 channels («PD789177 Subseries)

e Timer: 6 channels
16-bit timer: 1 channel
8-bit timer/event counter: 2 channels

8-bit timer: 1 channel
Watch timer: 1 channel
Watchdog timer: 1 channel

¢ Vectored interrupt sources: 15
* Power supply voltage

Main system clock 10.0 MHz

Vo = 1.8 t0 5.5 V (uPD78916x, 78917, 78916x(A), 78917x(A), 78F9177A, 78F9177A(A))
Vop = 4.5 t0 5.5 V (uPD78916x(A1), 78917x(A1), 78916x(A2), 78917x(A2))

¢ Operating ambient temperature

Ta = —40 to 85°C (uPD78916x, 78917x, 78916x(A), 78917x(A), 78F9177A, 78F9177A(A))
Ta = —40 to 110°C (uPD78916x(A1), 78917x(A1), 789177A(A1))
Ta =40 to 125°C (uPD78916x(A2), 78917x(A2))

Note When Vbp = 4.5 to 5.5 V and the product is an expanded-specification product

1.3 Applications

Power windows, keyless entry, battery management units, side air bags, etc.
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CHAPTER 1 GENERAL (1#PD789167 AND 789177 SUBSERIES)

1.4 Ordering Information

Part Number Package Internal ROM
HuPD789166GB-xxx-8ES 44-pin plastic LQFP (10 x 10) Mask ROM
HUPD789166GA-xxx-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Mask ROM
HuPD789167GB-xxx-8ES 44-pin plastic LQFP (10 x 10) Mask ROM
uPD789167GA-xxx-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Mask ROM
HuPD789176GB-xxx-8ES 44-pin plastic LQFP (10 x 10) Mask ROM
HUPD789176GA-xxx-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Mask ROM
HuPD789177GB-xxx-8ES 44-pin plastic LQFP (10 x 10) Mask ROM
UPD789177GA-xxx-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Mask ROM
HuPD789166GB-xxx-8ES-A 44-pin plastic LQFP (10 x 10) Mask ROM
HUPD789166GA-xxx-9EU-A 48-pin plastic TQFP (fine pitch) (7 x 7) Mask ROM
HuPD789167GB-xxx-8ES-A 44-pin plastic LQFP (10 x 10) Mask ROM
HUPD789167GA-xxx-9EU-A 48-pin plastic TQFP (fine pitch) (7 x 7) Mask ROM
UPD789176GB-xxx-8ES-A 44-pin plastic LQFP (10 x 10) Mask ROM
HUPD789176GA-xxx-9EU-A 48-pin plastic TQFP (fine pitch) (7 x 7) Mask ROM
HuPD789177GB-xxx-8ES-A 44-pin plastic LQFP (10 x 10) Mask ROM
UPD789177GA-xxx-9EU-A 48-pin plastic TQFP (fine pitch) (7 x 7) Mask ROM
UPD789166GB(A)-xxx-8ES 44-pin plastic LQFP (10 x 10) Mask ROM
4PD789167GB(A)-xxx-8ES 44-pin plastic LQFP (10 x 10) Mask ROM
HuPD789176GB(A)-xxx-8ES 44-pin plastic LQFP (10 x 10) Mask ROM
uPD789177GB(A)-xxx-8ES 44-pin plastic LQFP (10 x 10) Mask ROM
UPD789166GB(A1)-xxx-8ES 44-pin plastic LQFP (10 x 10) Mask ROM
4PD789167GB(A1)-xxx-8ES 44-pin plastic LQFP (10 x 10) Mask ROM
HuPD789176GB(A1)-xxx-8ES 44-pin plastic LQFP (10 x 10) Mask ROM
uPD789177GB(A1)-xxx-8ES 44-pin plastic LQFP (10 x 10) Mask ROM
UPD789166GB(A2)-xxx-8ES 44-pin plastic LQFP (10 x 10) Mask ROM
1PD789167GB(A2)-xxx-8ES 44-pin plastic LQFP (10 x 10) Mask ROM
HuPD789176GB(A2)-xxx-8ES 44-pin plastic LQFP (10 x 10) Mask ROM
uPD789177GB(A2)-xxx-8ES 44-pin plastic LQFP (10 x 10) Mask ROM

)

4PD78F9177GB-8ES
(PD78F9177AGB-8ES
1PD78F9177AGA-9EU
1PD78F9177GB-8ES-A
1PD78F9177AGB-8ES-A
1PD78F9177AGA-9EU-A
1PD78F9177AGB(A)-8ES

uPD78F9177AGB(A1)-8ES

Remarks 1.

2. Products with additional order code “-A” are lead-free products.

44-pin plastic LQFP (10 x 10
44-pin plastic LQFP (10 x 10)
48-pin plastic TQFP (fine pitch) (7 x 7)
44-pin plastic LQFP (10 x 10)
44-pin plastic LQFP (10 x 10)
48-pin plastic TQFP (fine pitch) (7 x 7)
44-pin plastic LQFP (10 x 10)
44-pin plastic LQFP (10 x 10)

xxx indicates ROM code suffix.
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Flash memory
Flash memory
Flash memory
Flash memory
Flash memory
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CHAPTER 1 GENERAL (¢PD789167 AND 789177 SUBSERIES)
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1.5 Quality Grades

Part Number Package Quality Grade
1PD789166GB-xxx-8ES 44-pin plastic LQFP (10 x 10) Standard
H1PD789166GA-xxx-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Standard
uPD789167GB-xxx-8ES 44-pin plastic LQFP (10 x 10) Standard
HUPD789167GA-xxx-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Standard
1PD789176GB-xxx-8ES 44-pin plastic LQFP (10 x 10) Standard
H1PD789176GA-xxx-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Standard
uPD789177GB-xxx-8ES 44-pin plastic LQFP (10 x 10) Standard
HUPD789177GA-xxx-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Standard
H#PD789166GB-xxx-8ES-A 44-pin plastic LQFP (10 x 10) Standard
H1PD789166GA-xxx-9EU-A 48-pin plastic TQFP (fine pitch) (7 x 7) Standard
uPD789167GB-xxx-8ES-A 44-pin plastic LQFP (10 x 10) Standard
H1PD789167GA-xxx-9EU-A 48-pin plastic TQFP (fine pitch) (7 x 7) Standard
H#PD789176GB-xxx-8ES-A 44-pin plastic LQFP (10 x 10) Standard
H1PD789176GA-xxx-9EU-A 48-pin plastic TQFP (fine pitch) (7 x 7) Standard
uPD789177GB-xxx-8ES-A 44-pin plastic LQFP (10 x 10) Standard
H1PD789177GA-xxx-9EU-A 48-pin plastic TQFP (fine pitch) (7 x 7) Standard
HuPD789166GB(A)-xxx-8ES 44-pin plastic LQFP (10 x 10) Special
H1PD789167GB(A)-xxx-8ES 44-pin plastic LQFP (10 x 10) Special
uPD789176GB(A)-xxx-8ES 44-pin plastic LQFP (10 x 10) Special
HuPD789177GB(A)-xxx-8ES 44-pin plastic LQFP (10 x 10) Special
H1PD789166GB(A1)-xxx-8ES 44-pin plastic LQFP (10 x 10) Special
1PD789167GB(A1)-xxx-8ES 44-pin plastic LQFP (10 x 10) Special
uPD789176GB(A1)-xxx-8ES 44-pin plastic LQFP (10 x 10) Special
uPD789177GB(A1)-xxx-8ES 44-pin plastic LQFP (10 x 10) Special
H1PD789166GB(A2)-xxx-8ES 44-pin plastic LQFP (10 x 10) Special
1PD789167GB(A2)-xxx-8ES 44-pin plastic LQFP (10 x 10) Special
uPD789176GB(A2)-xxx-8ES 44-pin plastic LQFP (10 x 10) Special
HuPD789177GB(A2)-xxx-8ES 44-pin plastic LQFP (10 x 10) Special
1PD78F9177GB-8ES 44-pin plastic LQFP (10 x 10) Standard
1PD78F9177AGB-8ES 44-pin plastic LQFP (10 x 10) Standard
uPD78F9177AGA-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Standard
uPD78F9177GB-8ES-A 44-pin plastic LQFP (10 x 10) Standard
uPD78F9177AGB-8ES-A 44-pin plastic LQFP (10 x 10) Standard
H1PD78F9177AGA-9EU-A 48-pin plastic TQFP (fine pitch) (7 x 7) Standard
uPD78F9177AGB(A)-8ES 44-pin plastic LQFP (10 x 10) Special
uPD78F9177AGB(A1)-8ES 44-pin plastic LQFP (10 x 10) Special

Remarks 1. xxx indicates ROM code suffix.

2. Products with additional order code “-A” are lead-free products.

Please refer to Quality Grades on NEC Semiconductor Devices (C11531E) published by NEC Electronics
Corporation to know the specification of the quality grade on the devices and its recommended applications.
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CHAPTER 1 GENERAL (1#PD789167 AND 789177 SUBSERIES)

1.6 Pin Configuration (Top View)

* 44-pin plastic LQFP (10 x 10)
HUPD789166GB-xxx-8ES
uPD789167GB-xxx-8ES
uPD789176GB-xxx-8ES
uPD789177GB-xxx-8ES
uPD789166GB-xxx-8ES-A
H#PD789167GB-xxx-8ES-A
HuPD789176GB-xxx-8ES-A
uPD789177GB-xxx-8ES-A

1PD789166GB(A)-xxx-8ES
HuPD789167GB(A)-xxx-8ES
4PD789176GB(A)-xxx-8ES
UPD789177GB(A)-xxx-8ES
uPD789166GB(A1)-xxx-8ES
uPD789167GB(A1)-xxx-8ES
4PD789176GB(A1)-xxx-8ES
UPD789177GB(A1)-xxx-8ES

uPD789166GB(A2)-xxx-8ES
uPD789167GB(A2)-xxx-8ES
4PD789176GB(A2)-xxx-8ES
UPD789177GB(A2)-xxx-8ES
uPD78F9177GB-8ES
1PD78F9177AGB-8ES
4PD78F9177GB-8ES-A
uPD78F9177AGB-8ES-A
uPD78F9177AGB(A)-8ES
1PD78F9177AGB(A1)-8ES

ﬁ —— AVkger
5H—0O Avoo
& [—O P53
2l—0OpPs52
5 -—0O P51
8 l-—O P50
& [-——O Pos
3 ———O Vssi
& l=——0O Po4
& [——O Po3

P60/ANIO O—{ 1 3 |=—O PO1
P61/ANIH O———] 2 2 [~—(O P00
P62/ANI2 O———~| 3 1 |~——(O P26/TO80
P63/ANI3 O——{ 4 0 |=—( P25/T180/SS20
P64/ANI4 O——] 5 29 [———O Voo
P65/ANI5 O—{ 6 28— Vsso
P66/ANI6 (O)—-= 7 27|—O X1
P67/ANI7 O——| 8 26F—O x2
AVss O—— 9 25 |=—O RESET
P10 O=—=10 24 |«—(O XTH
P11 Q=11 23— XT2
12 13 14 15 16 17 18 19 20 21 22
O - O 0O O 50 O ™%
D O WX AN g N AN N N o
FO0OO0OOXsoaooaoao >
O - N O = =
O=- o0 £ o =3
—oaq< g9 &}
® - ® S o =
EZzzPlg 0@
£-360 z 8
%) o
E aa i S o
= Z
S = o
g 2
o o

Cautions 1. Connect the ICO (internally connected) pin directly to the Vsso or Vss1 pin.
2. Connect the AVop pin to the Vbooo pin.
3. Connect the AVss pin to the Vsso pin.

Remark Pin connections in parentheses are intended for the 4PD78F9177, 78F9177A, 78F9177A(A), and

78F9177A(A1).
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CHAPTER 1 GENERAL (¢PD789167 AND 789177 SUBSERIES)

*

24

* 48-pin plastic TQFP (fine pitch) (7 x 7)

HuPD789166GA-xxx-9EU
HuPD789167GA-xxx-9EU
HUPD789176GA-xxx-9EU
HUPD789177GA-xxx-9EU

UPD789166GA-xxx-9EU-A
UPD789167GA-xxx-9EU-A
UPD789176GA-xxx-9EU-A
HUPD789177GA-xxx-9EU-A

uPD78F9177AGA-9EU
uPD78F9177AGA-9EU-A

& FH—0O AVrer

847 464544 434241403938 37
P60/ANI0O O——— 1 36 =—=O PO1
P61/ANI1 O—— 2 35— P00
P62/ANI2 O— 3 34 |=——=0O P26/TO80
P63/ANI3 O—| 4 33 [=——=O P25/TI80/SS20
P64/ANI4 O— 5 32— Voo
P65/ANI5 O— 6 31———O Ic3
P66/ANI6 O——~ 7 30— Vsso
P67/ANI7 O——{ 8 29— X1
AVss O—— 9 28— x2
P10 O~—{10 27— RESET
P11 O=—11 26— XT1
IC3 O——12 25—O
131415161718 192021222324 XT2
O—-— 000 F Moo M
DOV AN A ONANANAN o
FOO0OO0OX>~=0Qoaa>
o t t N O X X ~
O=-qo®n Lo Q
o0 Qg &< Qe
®EE XS 8 q
EZz0[J RO
S=35S =
Eoodip &
Zoeo s o
= 2 AN
o = O
™ (4]
o (<]
o
Cautions 1. Connect the ICO (internally connected) pin directly to the Vsso or Vss1 pin.

2. Leave the IC3 pin open.

o ko

Connect the AVop pin to the Vboo pin.
Connect the AVss pin to the Vsso pin.
The pin configuration of the 48-pin package for (A), (A1), and (A2) products is undefined.

Remark Pin connections in parentheses are intended for the uPD78F9177A.
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CHAPTER 1 GENERAL (1#PD789167 AND 789177 SUBSERIES)

ANIO to ANI7:
ASCK20:
AVop:

AVREF:

AVss:
BZ0O90:
CPT90:

ICO, IC3:
INTPO to INTPS3:
P00 to P05:
P10, P11:
P20 to P26:
P30 to P33:
P50 to P53:
P60 to P67:

Analog input
Asynchronous serial input
Analog power supply
Analog reference voltage
Analog ground

Buzzer output

Capture trigger input
Internally connected
Interrupt from peripherals
Port 0

Port 1

Port 2

Port 3

Port 5

Port 6

RESET:
RxD20:
SCK20:
SI20:
S020:
S520:
TI80, TI81:

TO80 to TO82, TO9O0:

TxD20:
Vbpo, VbD1:
Vpp:

Vsso, Vssi:
X1, X2:
XT1, XT2:

User's Manual U14186EJ6VOUD

Reset

Receive data

Serial clock

Serial input

Serial output

Chip select input

Timer input

Timer output

Transmit data

Power supply
Programming power supply
Ground

Crystal (main system clock)

Crystal (subsystem clock)
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CHAPTER 1 GENERAL (¢PD789167 AND 789177 SUBSERIES)

*1.7 78K/0S Series Lineup

The 78K/0S Series products are shown below. The subseries names are indicated in frames.

44-pin

30-pin
30-pin
20-pin
20-pin

44-pin
H 44-pin
30-pin
30-pin
30-pin
30-pin

144-pin
88-pin
80-pin
80-pin
80-pin
80-pin
H 64-pin
64-pin
64-pin
64-pin
64-pin
64-pin
52-pin
52-pin

78K/0S
Series

— 44-pin

~ 44-pin

_44—pin
30-pin

30-pin
M 20-pin
20-pin

["20-pin
20-pin

- 52-pin

— 64-pin

Remark VFD (Vacuum Fluorescent Display) is referred to as FIP™ (Fluorescent Indicator Panel) in some

42-/44-pin

. . ’ .
: Products in mass production K K

Y Subseries products support SMB.

Products under development

Small-scale package, general-purpose applications

1PD789074 with added subsystem clock

On-chip UART and capable of low voltage (1.8 V) operation
uPD789074 with enhanced timer and increased ROM, RAM capacity
uPD789026 with enhanced timer

RC oscillation version of the uPD789052

1PD789860 without EEPROM, POC, and LVI

Small-scale package, general-purpose applications and A/D converter

/ uwPD789177 [/, /uPD789177Y

/ uPD789167 [ '/ uPD789167Y

7

LPD789134A

11PD789124A
[LPD789114A
IPD789104A

LCD drive

11PD789456

11PD789306
1 PD789467
11 PD789327

UsB

1PD789800

Inverter control

1PD789842

On-chip bus controller

1PD789852
11PD789850A

Keyless entry

uPD789862

11PD789861

1PD789860

Sensor

VFD drive

uPD789871

Meter control

1PD789881

1 PD789167 with enhanced A/D converter (10 bits)
uPD789104A with enhanced timer

1 PD789124A with enhanced A/D converter (10 bits)

RC oscillation version of the ©PD789104A

1 PD789104A with enhanced A/D converter (10 bits)

1 PD789026 with added 8-bit A/D converter and multiplier

UART, 8-bit A/D, and dot LCD (Total display output pins: 96)
UART and dot LCD (40 x 16)

SIO, 10-bit A/D converter, and on-chip voltage booster type LCD (28 x 4)
SIO, 8-bit A/D converter, and resistance division type LCD (28 x 4)
1 PD789407A with enhanced A/D converter (10 bits)

SIO, 8-bit A/D converter, and resistance division type LCD (28 x 4)
1PD789446 with enhanced A/D converter (10 bits)

SIO, 8-bit A/D, and on-chip voltage booster type LCD (15 x 4)

1 PD789426 with enhanced A/D converter (10 bits)

SIO, 8-bit A/D, and on-chip voltage booster type LCD (5 x 4)

RC oscillation version of the uPD789306

SIO and on-chip voltage booster type LCD (24 x 4)

8-bit A/D and on-chip voltage booster type LCD (23 x 4)

SIO and resistance division type LCD (24 x 4)

For PC keyboard and on-chip USB function

On-chip inverter controller and UART

1PD789850A with enhanced functions such as timer and A/D converter
On-chip CAN controller

1PD789860 with enhanced timer, added SIO, and increased ROM, RAM capacity

RC oscillation version of the uPD789860
On-chip POC and key return circuit

On-chip analog macro for sensor
RC oscillation version of the uPD789864

On-chip VFD controller (Total display output pins: 25)

UART and resistance division type LCD (26 x 4)

documents, but the functions of the two are the same.
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CHAPTER 1 GENERAL (1#PD789167 AND 789177 SUBSERIES)

The major functional differences between the subseries are listed below.

Series for General-purpose applications and LCD drive

Function ROM Timer 8-Bit [10-Bit Serial 1/0 Voo Remarks
Capacity | g git|16-git|watch| wpT| AD | AD | Interface MIN.
Subseries Name Value
Small-scale |¢PD789046 |16 KB 1ch|1ch|1ch [1ch| - - |1ch 34 | 1.8V -
package, | pp7g9026 |4 KB to 16 KB - (UART: 1 ch)
general-
purpose uPD789088 |16 KB to 3ch 24
applications 32KB
uPD789074 |2KBto8KB |1ch
uPD789062 |4 KB 2ch| - - 14 RC oscillation
version
uPD789052 -
Small-scale |¢PD789177 |16 KB to 3ch|{1ch| 1ch |1ch - 8ch [1ch 31 1.8V -
package, LPD789167 24 KB sch| - (UART: 1 ch)
general-
purpose uPD789134A |2KBto 8 KB |1ch - — | 4ch 20 RC oscillation
applications |,PD789124A 4ch| - version
and A/D
uPD789114A - 4 ch -
converter
uPD789104A 4ch| -
LCD drive |{uPD789835B |24 KB to 6ch| - 1ch |1ch|3ch| - |1ch 37 | 1.8 V™" |Dot LCD
60 KB (UART: 1 ch) supported
uPD789830 |24 KB 1ch| 1ch - 30 | 27V
uPD789489 |32 KB to 3ch 8ch |2ch 45 | 1.8V -
48 KB (UART: 1 ch)
uPD789479 |24 KB to 8ch -
48 KB
1PD789417A (12 KB to - 7ch {1ch 43
LPD789407A 24 KB 7eh | - (UART: 1 ch)
uPD789456 |12 KB to 2ch - | 6c¢ch 30
uPD789446 |16 KB 6ch | -
uPD789436 - | 6c¢ch 40
uPD789426 6ch| -
uPD789316 |8 KB to 16 KB - 2ch 23 RC oscillation
(UART: 1 ch) version
uPD789306 -
©PD789467 |4 KB to 24 KB - 1ch - 18
uPD789327 - 1ch 21

Note Flash memory version: 3.0 V

User's Manual U14186EJ6VOUD
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CHAPTER 1 GENERAL (¢PD789167 AND 789177 SUBSERIES)

Series for ASSP
Function ROM Timer 8-Bit |10-Bit Serial /0 Vop Remarks
Capacity | g pit | 16-Bit|watch| wpT| AP | AP | Interface MIN.
Subseries Name Value
usB uPD789800 |8 KB 2ch| - - |1ch| - - |2ch 31 4.0V -
(USB: 1 ch)
Inverter uPD789842 |8 KBto 16 KB|3ch |Note1| 1ch |1ch|8ch | - [1ch 30 | 40V -
control (UART: 1 ch)
On-chip bus |#PD789852 |24 KB to 3ch| 1ch - 1ch| - |8ch [3ch 31 40V -
controller 32 KB (UART: 2 ch)
1PD789850A |16 KB 1ch 4 ch - |2ch 18
(UART: 1 ch)
Keyless uPD789861 |4 KB 2ch| - - 1ch| - - - 14 | 1.8V |RC oscillation
entry version, on-
chip EEPROM
uPD789860 On-chip
4PD789862 |16 KB 1ch| 2ch 1ch 22 EEPROM
(UART: 1 ch)
Sensor uPD789864 |4 KB 1ch|Note2| — |1ch| - |4ch - 5 1.9V |On-chip
EEPROM
uPD789863 RC oscillation
version, on-
chip EEPROM
VFD drive |¢PD789871 |[4KBto8KB |[3ch| - 1ch [ 1ch - - |1ch 33| 27V -
Meter 4PD789881 |16 KB 2ch|{1ch| - |1ch| - - |1ch 28 (2.7 V"*? -
control (UART: 1 ch)

Notes 1. 10-bit timer: 1 channel
2. 12-bit timer: 1 channel
3. Flash memory version: 3.0 V
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CHAPTER 1 GENERAL (1#PD789167 AND 789177 SUBSERIES)

1.8 Block Diagram

TI80/SS20/P25 —{ 8-bit timer/

TO80/P26 —— event counter 80 @ <E> Port 0 <E>POO to P05
TI81/INTPO/CPT0/P30 —~| 8-bit timer/ (=

TO81/INTP1/P31 = event counter 81 <:> Port 1 <:>P10’ P11

TO82/INTP3/BZO90/P33 ~—  g-bittimer82 K] () Pot2  [S)P20toP26
CPT90/INTPO/TI81/P30 —|
TOQU/INTP2/P32 ~—| 16-bit timer 90 K—) - Port3 K—)P30 to P33
BZO90/INTP3/TO82/P33 ~—
ROM
Watch timer Ko | | e | | (flash (=  Pots  K—)PsotoPss
memory)
Watchdog timer <:> ﬁ ﬁ K Port 6 <: P60 to P67
SCK20/ASCK20/P20 ~—] ﬁ l~— RESET
S020/TxD20/P21 ~— - X1
SI20/RxD20/P22 —] S1020 = AN igﬁtﬁ;‘ L x2
SS20/TI80/P25 —1 e XT1
- XT2
ANIO/P60 to
ANI7/P67
AV AD - < INTPO/TIB1/CPT90/P30
bb converter
AVss <:> Interrupt =— INTP1/TO81/P31
AVeer control [=— INTP2/TO90/P32
‘ l«— INTP3/TO82/BZ0O90/P33
Multiplier <:> Vooo Vsso ICO

Voo1  Vss1 (Vep)

Remarks 1. The size of the internal ROM varies depending on the product.
2. Pin connections in parentheses are intended for the xPD78F9177, 78F9177A, 78F9177A(A), and
78F9177A(A1).
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CHAPTER 1

GENERAL (¢PD789167 AND 789177 SUBSERIES)

1.9 Outline of Functions

ltem

Part Number

4PD789166, 789176, 4PD789167, 789177, 4PD78F9177,

789166(A), 789176(A), 789167(A), 789177(A), 78F9177A,
789166(A1), 789176(A1), | 789167(A1), 789177(A1), 78F9177A(A),
789166(A2), 789176(A2) | 789167(A2), 789177(A2) 78F9177A(A1)

Internal memory

ROM Mask ROM Flash memory
16 KB 24 KB 24 KB
High-speed RAM 512 bytes

Minimum instruction execution time

Expanded-specification products of #PD78916x, 78917x, 78916x(A), 78917x(A),
78F9177A, 78F9177A(A)

0.2/0.8 us (operation with main system clock operating at 10.0 MHz, Voo = 4.5 t0 5.5

V)

e 122 us (operation with subsystem clock operating at 32.768 kHz)
Other than above products

e 0.4/1.6 us (operation with main system clock operating at 5.0 MHz)
e 122 us (operation with subsystem clock operating at 32.768 kHz)

General-purpose registers

8 bits x 8 registers

Instruction set

* 16-bit operations
¢ Bit manipulations (such as set, reset, and test)

Multiplier 8 bits x 8 bits = 16 bits

1/0 ports Total: 31
e CMOS input: 8
* CMOS I/O: 17
* N-ch open-drain: 6

A/D converter

* 8-bit resolution x 8 channels (#PD789167 Subseries)
* 10-bit resolution x 8 channels («PD789177 Subseries)

Serial interface

¢ Switchable between 3-wire serial I/O and UART modes: 1 channel

Timers

¢ 16-bit timer: 1 channel
e 8-bit timer/event counter: 2 channels
¢ 8-bit timer: 1 channel
e Watch timer: 1 channel
* Watchdog timer: 1 channel

Timer output

Four outputs

Buzzer output

One output

Vectored interrupt

Maskable

Internal: 10, external: 4

sources

Non-maskable

Internal: 1

Power supply voltage

Vop=1.8t05.5V (uPD78916x, 78917x, 78916x(A), 78917x(A), 78F9177,
78F9177A, 78F9177A(A)

Vop=4.51t055V (uPD78916x(A1), 78917x(A1), 78916x(A2), 78917x(A2),
78F9177A(A1)

Operating ambient temperature

Ta=-40°Ct0 +85°C  (uPD78916x, 78917x, 78916x(A), 78917x(A), 78F9177,
78F9177A, 78F9177A(A)
Ta=-40°C to +110°C  (uPD78916x(A1), 78917x(A1), 78F9177A(A1)

Ta=-40°C to +125°C  (uPD78916x(A2), 78917x(A2)

Package

* 44-pin plastic LQFP (10 x 10)
* 48-pin plastic TQFP (fine pitch) (7 x 7)**

Note PD789166, 789167, 789176, 789177, and 78F9177A only
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CHAPTER 1 GENERAL (4PD789167 AND 789177

SUBSERIES)

The timers are outlined below.

16-Bit 8-Bit 8-Bit 8-Bit Timer | Watch Timer Watchdog
Timer 90 Timer/Event | Timer/Event 82 Timer
Counter 80 | Counter 81
Operating | Interval timer - 1 channel 1 channel 1 channel | 1channel™*' | 1 channel**?
mode External event counter - 1 channel 1 channel - - -
Function Timer output 1 output 1 output 1 output 1 output - -
PWM output - 1 output 1 output 1 output - -
Square-wave output - 1 output 1 output 1 output - -
Buzzer output 1 output - - - - -
Capture 1 input - - - - -
Interrupt sources 1 1 1 1 2 2

Notes 1. The watch timer can perform both watch timer and interval timer functions at the same time.

2. The watchdog timer provides a watchdog timer function and an interval timer function. Use either of

the functions.

User's Manual U14186EJ6VOUD
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CHAPTER 1 GENERAL (¢PD789167 AND 789177 SUBSERIES)

1.10 Differences Between Standard Quality Grade Products and (A) Products, (A1) Products, and
(A2) Products

Standard quality grade products, (A) products, (A1) products, and (A2) products indicate the following products
respectively.

Standard quality grade products... 4PD789166, 789167, 789176, 789177, 78F9177, 78F9177A
(A) products...  uPD789166(A), 789167(A), 789176(A), 789177(A), 78F9177A(A)

(A1) products... uPD789166(A1), 789167(A1), 789176(A1), 789177(A1), 78F9177A(A1)

(A2) products... uPD789166(A2), 789167(A2), 789176(A2), 789177(A2)

Table 1-2 shows the differences between the standard quality grade products and (A) products, (A1) products,
and (A2) products.

Table 1-2. Differences Between Standard Quality Grade Products and (A) Products, (A1) Products, and
(A2) Products

Part Number | Standard Quality Grade (A) Products (A1) Products (A2) Products
ltermn Products
Quality grade Standard Special
Power supply voltage Voo =1.8t055V Voo =4.5t05.5V
Operating ambient Ta=-40 to 85°C Ta=-401t0 110°C Ta=-40t0 125°C
temperature
Minimum instruction Expanded-specification product™*: 0.4 us (at 5.0 MHz operation)
execution time 0.2 us (at 10.0 MHz operation)

Conventional product™:
0.4 us (at 5.0 MHz operation)

Electrical specifications | Refer to the ELECTRICAL SPECIFICATIONS chapters.

Note Referto 1.1 Expanded-Specification Products and Conventional Products
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CHAPTER 2 GENERAL (4PD789167Y AND 789177Y SUBSERIES)

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

Expanded-specification product... Products with a rank™* other than K
e Mask ROM versions for which orders were received after December 1, 2001.
o 1PD78F9177AY, 78F9177AY(A)

Conventional product... Products with rank"*® K
¢ Products other than the above expanded-specification products.

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

Lot number OO0 OO0 A XXXX
Year Week NEC Electronics
code code control code

Rank

Expanded-specification products and conventional products differ in operating frequency ratings. The differences
are shown in Table 2-1.

Table 2-1. Differences Between Expanded-Specification Products and Conventional Products

Power Supply Voltage (Vob) Guaranteed Operating Speed (Operating Frequency)
Conventional Products Expanded-Specification Products

45t05.5V 5 MHz (0.4 us) 10 MHz (0.2 us)

3.0to 55V 5 MHz (0.4 us) 6 MHz (0.33 us)

27t055V 5 MHz (0.4 us) 5 MHz (0.4 us)

1.8t055V 1.25 MHz (1.6 us) 1.25 MHz (1.6 us)

Remark The values in parentheses indicate the minimum instruction execution time.

User’'s Manual U14186EJ6VOUD 33



CHAPTER 2 GENERAL (¢PD789167Y AND 789177Y SUBSERIES)

2.2 Features

* ROM and RAM capacity

Item Program Memory Data Memory
Product Name (ROM) (Internal High-Speed RAM)
uPD789166Y, 789176Y, 789166Y(A), 789176Y(A) Mask ROM 16 KB 512 bytes
uPD789167Y, 789177Y, 789167Y(A), 789177Y(A) 24 KB
HPD78F9177Y, 78F9177AY, 78F9177AY (A) Flash memory 24 KB

e Minimum instruction execution time changeable from high-speed (0.2 wus: Main system clock 10.0 MHz
operation"®) to ultra-low speed (122 us: Subsystem clock 32.768 kHz operation)
e 1/O port: 31
* Serial interface: 2 channels
- 3-wire serial I/O mode/UART mode: 1 channel
- SMB: 1 channel
* 8-bit resolution A/D converter: 8 channels (#PD789167Y Subseries)
* 10-bit resolution A/D converter: 8 channels (uPD789177Y Subseries)
e Timer: 6 channels
« 16-bit timer: 1 channel
. 8-bit timer/event counter: 2 channels

. 8-bit timer: 1 channel
. Watch timer: 1 channel
- Watchdog timer: 1 channel

e Vectored interrupt sources: 17

e Supply voltage: Voo =1.8t05.5V

e Operating ambient temperature: Ta =—40 to +85°C

Note When Vopo = 4.5 to 5.5 V and the product is an expanded-specification product.

2.3 Applications

Power windows, keyless entry, battery management units, side air bags, etc.

34 User's Manual U14186EJ6VOUD



L D I . A

X %

CHAPTER 2 GENERAL (¢4PD789167Y AND 789177Y SUBSERIES)

2.4 Ordering Information

Part Number Package Internal ROM
UPD789166YGB-xxx-8ES 44-pin plastic LQFP (10 x 10) Mask ROM
HUPD789166YGA-xxx-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Mask ROM
HUPD789167YGB-xxx-8ES 44-pin plastic LQFP (10 x 10) Mask ROM
uPD789167YGA-xxx-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Mask ROM
UPD789176YGB-xxx-8ES 44-pin plastic LQFP (10 x 10) Mask ROM
HUPD789176YGA-xxx-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Mask ROM
UPD789177YGB-xxx-8ES 44-pin plastic LQFP (10 x 10) Mask ROM
UPD789177YGA-xxx-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Mask ROM
UPD789166YGB-xxx-8ES-A 44-pin plastic LQFP (10 x 10) Mask ROM
HUPD789166YGA-xxx-9EU-A 48-pin plastic TQFP (fine pitch) (7 x 7) Mask ROM
HUPD789167YGB-xxx-8ES-A 44-pin plastic LQFP (10 x 10) Mask ROM
HUPD789167YGA-xxx-9EU-A 48-pin plastic TQFP (fine pitch) (7 x 7) Mask ROM
UPD789176YGB-xxx-8ES-A 44-pin plastic LQFP (10 x 10) Mask ROM
HUPD789176YGA-xxx-9EU-A 48-pin plastic TQFP (fine pitch) (7 x 7) Mask ROM
HuPD789177YGB-xxx-8ES-A 44-pin plastic LQFP (10 x 10) Mask ROM
HUPD789177YGA-xxx-9EU-A 48-pin plastic TQFP (fine pitch) (7 x 7) Mask ROM
UPD789166YGA(A)-xxx-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Mask ROM
HUPD789167YGA(A)-xxx-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Mask ROM
HUPD789176YGA(A)-xxx-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Mask ROM
UPD789177YGA(A)-xxx-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Mask ROM

1PD78F9177YGB-8ES
1PD78F9177YGA-9EU
(PD78F9177AYGB-8ES
1PD78F9177AYGA-9EU
1PD78F9177YGB-8ES-A
1PD78F9177YGA-9EU-A
4PD78F9177AYGB-8ES-A
(PD78F9177AYGA-9EU-A
1PD78F9177AYGB(A)-8ES
(PD78F9177AYGA(A)-9EU

44-pin plastic LQFP (10 x 10)
48-pin plastic TQFP (fine pitch) (7 x 7)
44-pin plastic LQFP (10 x 10)
48-pin plastic TQFP (fine pitch) (7 x 7)
44-pin plastic LQFP (10 x 10)
48-pin plastic TQFP (fine pitch) (7 x 7)
44-pin plastic LQFP (10 x 10)
48-pin plastic TQFP (fine pitch) (7 x 7)
44-pin plastic LQFP (10 x 10)
48-pin plastic TQFP (fine pitch) (7 x 7)

Remark xxx indicates ROM code suffix.
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Flash memory
Flash memory
Flash memory
Flash memory
Flash memory
Flash memory
Flash memory
Flash memory
Flash memory
Flash memory

35



CHAPTER 2 GENERAL (¢PD789167Y AND 789177Y SUBSERIES)
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2.5 Quality Grades

Part Number Package Quality Grade
1PD789166YGB-xxx-8ES 44-pin plastic LQFP (10 x 10) Standard
H1PD789166YGA-xxx-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Standard
uPD789167YGB-xxx-8ES 44-pin plastic LQFP (10 x 10) Standard
HUPD789167YGA-xxx-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Standard
1PD789176YGB-xxx-8ES 44-pin plastic LQFP (10 x 10) Standard
H1PD789176YGA-xxx-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Standard
uPD789177YGB-xxx-8ES 44-pin plastic LQFP (10 x 10) Standard
HUPD789177YGA-xxx-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Standard
H1PD789166YGB-xxx-8ES-A 44-pin plastic LQFP (10 x 10) Standard
H1PD789166YGA-xxx-9EU-A 48-pin plastic TQFP (fine pitch) (7 x 7) Standard
UPD789167YGB-xxx-8ES-A 44-pin plastic LQFP (10 x 10) Standard
H#PD789167YGA-xxx-9EU-A 48-pin plastic TQFP (fine pitch) (7 x 7) Standard
H1PD789176YGB-xxx-8ES-A 44-pin plastic LQFP (10 x 10) Standard
H1PD789176YGA-xxx-9EU-A 48-pin plastic TQFP (fine pitch) (7 x 7) Standard
UPD789177YGB-xxx-8ES-A 44-pin plastic LQFP (10 x 10) Standard
H1PD789177YGA-xxx-9EU-A 48-pin plastic TQFP (fine pitch) (7 x 7) Standard
H1PD789166YGA(A)-xxx-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Special
H1PD789167YGA(A)-xxx-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Special
UPD789176YGA(A)-xxx-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Special
HUPD789177YGA(A)-xxx-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Special
uPD78F9177YGB-8ES 44-pin plastic LQFP (10 x 10) Standard
#PD78F9177YGA-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Standard
uPD78F9177AYGB-8ES 44-pin plastic LQFP (10 x 10) Standard
UuPD78F9177AYGA-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Standard
uPD78F9177YGB-8ES-A 44-pin plastic LQFP (10 x 10) Standard
H#PD78F9177YGA-9EU-A 48-pin plastic TQFP (fine pitch) (7 x 7) Standard
uPD78F9177AYGB-8ES-A 44-pin plastic LQFP (10 x 10) Standard
UPD78F9177AYGA-9EU-A 48-pin plastic TQFP (fine pitch) (7 x 7) Standard
uPD78F9177AYGB(A)-8ES 44-pin plastic LQFP (10 x 10) Special
#PD78F9177AYGA(A)-9EU 48-pin plastic TQFP (fine pitch) (7 x 7) Special

Remark xxx indicates ROM code suffix.

Please refer to Quality Grades on NEC Semiconductor Devices (C11531E) published by NEC Electronics
Corporation to know the specification of the quality grade on the device and its recommended applications.
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CHAPTER 2 GENERAL (¢4PD789167Y AND 789177Y SUBSERIES)

2.6 Pin Configuration (Top View)

* 44-pin plastic LQFP (10 x 10)
HUPD789166YGB-xxx-8ES uPD789166YGB-xxx-8ES-A uPD78F9177YGB-8ES
uPD789167YGB-xxx-8ES 1PD789167YGB-xxx-8ES-A 1PD78F9177AYGB-8ES
uPD789176YGB -xxx-8ES UPD789176YGB -xxx-8ES-A uPD78F9177YGB-8ES-A
uPD789177YGB -xxx-8ES UPD789177YGB -xxx-8ES-A uPD78F9177AYGB-8ES-A
UPD78F9177AYGB(A)-8ES

IS ——O AVrer
3 —— (O AVop
& [—O P53
El——0O P52
5 -—O P51
8 l—O P50
& [—O Pos
c\,la ——( Vsst
& =—O Po4
& |=—O Po3

P60/ANI0O O—] 1 3 |=—O PO1
P61/ANI1 O———] 2 2 J=—O P00
P62/ANI2 O—] 3 1 f=—O P26/TO80
P63/ANI3 O——] 4 0 J=—O P25/T180/SS20
P64/ANI4 O———~] 5 29 ———O Vooo
P65/ANI5 O——— ] 6 28— Vsso
P66/ANI6 O——] 7 27 |+~—O X1
P67/ANI7 O— 8 26 —0O X2
AVss O——— 9 25 |=—O RESET
P10 O=—{10 24 [«—O XT1
P11 O=—»{11 23 |—0O XT2
12 13 14 15 16 17 18 19 20 21 22
O r-r OO0 0 g O o oo §
°5328L3842¢
O - - N O x XN n =
O-gqgqom®y ECFFQ
— oo gZ g v @
® F E © |3 o Yoo
EZZ0”g n @
S <SS B X N
= d & |0 =
EE a2 {a
=z = o
= Z
o =z Qo
I %)
[ )
o

Cautions 1. Connect the ICO (internally connected) pin directly to the Vsso or Vss1 pin.
2. Connect the AVop pin to the Voo pin.
3. Connect the AVss pin to the Vsso pin.

Remark Pin connections in parentheses are intended for the #PD78F9177Y, 78F9177AY, and
78F9177AY(A).
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CHAPTER 2 GENERAL (¢PD789167Y AND 789177Y SUBSERIES)

48-pin plastic TQFP (fine pitch) (7 x 7)

uPD789166YGA-xxx-9EU
uPD789167YGA-xxx-9EU
UPD789176YGA-xxx-9EU
HuPD789177YGA-xxx-9EU

1PD789166YGA(A)-xxx-9EU
LPD789167YGA(A)-xxx-9EU
4PD789176YGA(A)-xxx-9EU

)-
)-
)-
H1PD789177YGA(A)-xxx-9EU

uPD78F9177YGA-9EU
uPD78F9177AYGA-9EU
HPD78F9177YGA-9EU-A
uPD78F9177AYGA-9EU-A

HUPD789166YGA-xxx-9EU-A
HUPD789167YGA-xxx-9EU-A
UPD789176YGA-xxx-9EU-A
HPD789177YGA-xxx-9EU-A

uPD78F9177AYGA(A)-9EU

4847464544 43424140393837
P60/ANI0 O——— 1 36 =—=0O P01
P61/ANHH O— 2 35— P00
P62/ANI2 O—{ 3 34 [=——O P26/TO80
P63/ANI3 O——~ 4 33— P25/TI80/SS20
P64/ANI4 O— 5 32— Voo
P65/ANI5 O——~ 6 31— Ic2
P66/ANIE O——~ 7 30— Vsso
P67/ANI7 O— 8 29——0O X1
AVss O— 9 28— x2
P10 O=—=10 27— RESET
P11 OQ=—{11 26— XT1
Ic2 O——{12 25—O
1314151617 18192021222324 XT2
O+~ O O O a N [cN ool
233352858083
o |: t N O X XN =
—nooqQJ Soaal
X EE RS S a
EZZ0Q B0
£2350 =¥
D A
ghoiEs o
S =
w0 (4]
o [
o
Cautions 1. Connect the ICO (internally connected) pin directly to the Vsso or Vss1 pin.

2. Leave the IC2 pin open.
3. Connect the AVop pin to the Voo pin.
4. Connect the AVss pin to the Vsso pin.

Pin connections
78F9177AY(A).

Remark in parentheses are intended for the 4PD78F9177Y, 78F9177AY, and
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CHAPTER 2 GENERAL (¢4PD789167Y AND 789177Y SUBSERIES)

ANIO to ANI7: Analog input RESET: Reset

ASCK20: Asynchronous serial input RxD20: Receive data

AVop: Analog power supply SCK20: Serial clock (for SIO20)

AVREF: Analog reference voltage SCLO: Serial clock (for SMBO0)

AVss: Analog ground SDAO: Serial data

BZ090: Buzzer output SI20: Serial input

CPT90: Capture trigger input S0O20: Serial output

ICO, IC2: Internally connected S$520: Chip select input

INTPO to INTP3: Interrupt from peripherals T80, TI81: Timer input

P00 to PO5: Port 0 TO80 to TO82, TO90: Timer output

P10, P11: Port 1 TxD20: Transmit data

P20 to P26: Port 2 Vobo, Vob1: Power supply

P30 to P33: Port 3 Vpp: Programming power supply

P50 to P53: Port 5 Vsso, Vsst: Ground

P60 to P67: Port 6 X1, X2: Crystal (main system clock)
XT1, XT2: Crystal (subsystem clock)
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CHAPTER 2 GENERAL (¢PD789167Y AND 789177Y SUBSERIES)

* 2.7 78K/0S Series Lineup

The 78K/0S Series products are shown below. The subseries names are indicated in frames.

44-pin

30-pin
30-pin
20-pin
20-pin

44-pin
H 44-pin
30-pin
30-pin
30-pin
30-pin

144-pin
88-pin
80-pin
80-pin
80-pin
80-pin
H 64-pin
64-pin
64-pin
64-pin
64-pin
64-pin
52-pin
52-pin

78K/0S
Series

— 44-pin

~ 44-pin

_44—pin
30-pin

30-pin
M 20-pin
20-pin

["20-pin
20-pin

- 52-pin

— 64-pin

Remark VFD (Vacuum Fluorescent Display) is referred to as FIP™ (Fluorescent Indicator Panel) in some

42-/44-pin

. . ’ .
: Products in mass production K K

Y Subseries products support SMB.

Products under development

Small-scale package, general-purpose applications

1PD789074 with added subsystem clock

On-chip UART and capable of low voltage (1.8 V) operation
uPD789074 with enhanced timer and increased ROM, RAM capacity
uPD789026 with enhanced timer

RC oscillation version of the uPD789052

1PD789860 without EEPROM, POC, and LVI

Small-scale package, general-purpose applications and A/D converter

/ uwPD789177 [/, /uPD789177Y

/ uPD789167 [ '/ uPD789167Y

7

LPD789134A

11PD789124A
[LPD789114A
IPD789104A

LCD drive

11PD789456

11PD789306
1 PD789467
11 PD789327

UsB

1PD789800

Inverter control

1PD789842

On-chip bus controller

1PD789852
11PD789850A

Keyless entry

uPD789862

11PD789861

1PD789860

Sensor

VFD drive

uPD789871

Meter control

1PD789881

1 PD789167 with enhanced A/D converter (10 bits)
uPD789104A with enhanced timer

1 PD789124A with enhanced A/D converter (10 bits)

RC oscillation version of the ©PD789104A

1 PD789104A with enhanced A/D converter (10 bits)

1 PD789026 with added 8-bit A/D converter and multiplier

UART, 8-bit A/D, and dot LCD (Total display output pins: 96)
UART and dot LCD (40 x 16)

SIO, 10-bit A/D converter, and on-chip voltage booster type LCD (28 x 4)
SIO, 8-bit A/D converter, and resistance division type LCD (28 x 4)
1 PD789407A with enhanced A/D converter (10 bits)

SIO, 8-bit A/D converter, and resistance division type LCD (28 x 4)
1PD789446 with enhanced A/D converter (10 bits)

SIO, 8-bit A/D, and on-chip voltage booster type LCD (15 x 4)

1 PD789426 with enhanced A/D converter (10 bits)

SIO, 8-bit A/D, and on-chip voltage booster type LCD (5 x 4)

RC oscillation version of the uPD789306

SIO and on-chip voltage booster type LCD (24 x 4)

8-bit A/D and on-chip voltage booster type LCD (23 x 4)

SIO and resistance division type LCD (24 x 4)

For PC keyboard and on-chip USB function

On-chip inverter controller and UART

1PD789850A with enhanced functions such as timer and A/D converter
On-chip CAN controller

1PD789860 with enhanced timer, added SIO, and increased ROM, RAM capacity

RC oscillation version of the uPD789860
On-chip POC and key return circuit

On-chip analog macro for sensor
RC oscillation version of the uPD789864

On-chip VFD controller (Total display output pins: 25)

UART and resistance division type LCD (26 x 4)

documents, but the functions of the two are the same.
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CHAPTER 2 GENERAL (¢4PD789167Y AND 789177Y SUBSERIES)

The functions of the Y Subseries are listed below.

Function | ROM Capacity Serial Interface Configuration I/0 Vob Remark
Subseries Name (pins) | MIN. Value
Small-scale uPD789177Y 16 KB to 24 KB | 3-wire/UART: 1 ch 31 1.8V -
package, SMB: 1ch
general-  |4PD789167Y
purpose
application
+ A/D
converter
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CHAPTER 2 GENERAL (¢PD789167Y AND 789177Y SUBSERIES)

2.8 Block Diagram

TI80/3520/P25 —~| 8-bit timer/ = [ ] [ ]
TOB80/P26 - event counter 80 <E> Port 0 <E »>P00 to P05
TI81/INTPO/CPTI0/P30 —=] 8-bit timer/
TO81/INTP1/P31 = event counter 81 = - Port 1 K P10, P11
TOB2/INTP3/BZO90/P33 ~— g-bittimer82 K - Port 2 K—>P20 to P26
CPT90/INTPO/TI81/P30 —]
TOS0/INTP2/P32 ~—| 16-bit timer 90 ) - Port 3 K—>P30to P33
BZO90/INTP3/TO82/P33 ~—
ROM
Watch timer <:> 07,385/ c?osre (flash <:> Port 5 <:>P50 to P53
memory)
Watchdog timer K —) ﬁ ﬁ - Port 6 K—1P60 to P67
SCK20/ASCK20/P20 ~—+] ﬁ l«— RESET
S020/TxD20/P21 ~— e X1
SI20/RxD20/P22 — =] S1020 = AN iﬁttfgl‘ Y
SS20/TI80/P25 — =S
L XxT2
mom ] e |
L~ INTPO/TI81/CPT90/P30
ANIO/P60 to <:> Interrupt [+— INTP1/TO81/P31
ANI7/P67 control I=— INTP2/TO90/P32
AV A/D - l«— INTP3/TO82/BZO90/P33
b converter
AVss
AVRer
Multiplier <:> Vooo Vsso ICO
L Voot Vsst (Vep)

Remarks 1. The size of the internal ROM varies depending on the model.
2. Pin connections in parentheses are intended for the wPD78F9177Y, 78F9177AY, and
78F9177AY(A).
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CHAPTER 2 GENERAL (¢4PD789167Y AND 789177Y SUBSERIES)

2.9 Outline of Function

ltem

Part Number

4PD789166Y, 789176Y
789166Y(A), 789176Y(A)

uPD789167Y, 789177Y
789167Y(A), 789177Y(A)

LPD78F9177Y, 78F9177AY
78F9177AY(A)

Internal memory

ROM Mask ROM Flash Memory
16 KB 24 KB 24 KB
High-speed RAM | 512 bytes

Minimum instruction execution time

Expanded-specification products of xPD78916xY, 78917xY, 78916xY(A), 78917xY(A),

78F9177AY, 78F9177AY(A)

e 0.2/0.8 us (operation with main system clock operating at 10.0 MHz,
Voo =4.5t05.5V)

e 122 us (operation with subsystem clock operating at 32.768 kHz)

Other than above products

e 0.4/1.6 us (operation with main system clock operating at 5.0 MHz)

e 122 us (operation with subsystem clock operating at 32.768 kHz)

General-purpose registers

8 bits x 8 registers

Instruction set

* 16-bit operations
¢ Bit manipulations (such as set, reset, and test)

Multiplier 8 bits x 8 bits = 16 bits

1/0 ports Total: 31
e CMOS input: 8
* CMOS I/O: 17
* N-ch open-drain: 6

A/D converter

* 8-bit resolution x 8 channels (#zPD789167Y Subseries)
* 10-bit resolution x 8 channels (4PD789177Y Subseries)

Serial interface

¢ Switchable between 3-wire serial I/O and UART modes: 1 channel
* SMB (System Management Bus): 1 channel

Timers

* 16-bit timer: 1 channel
¢ 8-bit timer/event counter: 2 channels
* 8-bit timer: 1 channel
* Watch timer: 1 channel
* Watchdog timer: 1 channel

Timer output

Four outputs

Buzzer output

One output

Vectored interrupt Maskable

Internal: 12, external: 4

sources

Nonmaskable

Internal: 1

Power supply voltage

Voo=1.8t055V

Operating ambient temperature

Ta=-40 to +85°C

Package

* 44-pin plastic LQFP (10 x 10)"**
* 48-pin plastic TQFP (fine pitch) (7 x 7)

Note PD789166Y, 789167Y, 789176Y, 789177Y, 78F9177Y, 78F9177AY, and 78F9177AY(A) only
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CHAPTER 2 GENERAL (¢PD789167Y AND 789177Y SUBSERIES)

The timers are outlined below.

16-Bit 8-Bit 8-Bit 8-Bit Timer | Watch Timer Watchdog
Timer 90 Timer/Event | Timer/Event 82 Timer
Counter 80 | Counter 81
Operating | Interval timer - 1 channel 1 channel 1 channel | 1channel™*' | 1 channel™*?
mode External event counter - 1 channel 1 channel - - -
Function Timer output 1 output 1 output 1 output 1 output - -
PWM output - 1 output 1 output 1 output - -
Square-wave output - 1 output 1 output 1 output - -
Buzzer output 1 output - - - - -
Capture 1 input - - - - -
Interrupt sources 1 1 1 1 2 2

Notes 1. The watch timer can perform both watch timer and interval timer functions at the same time.
2. The watchdog timer provides a watchdog timer function and an interval timer function. Use either of

44
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CHAPTER 2 GENERAL (¢4PD789167Y AND 789177Y SUBSERIES)

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

Standard quality grade products and (A) products indicate the following products.

Standard quality grade products... uPD789166Y, 789167Y, 789176Y, 789177Y, 78F9177Y, 78F9177AY
(A) products... 4PD789166Y(A), 789167Y(A), 789176Y(A), 789177Y(A), 78F9177AY(A)

Table 2-2 shows the differences between the standard quality grade products and (A) products

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

Part Number

ltem

Standard Quality Grade Products (A) Products

Quality grade

Standard Special

Power supply voltage

Voo=1.8t05.5V

Operating ambient temperature

Ta=-40to 85°C

Minimum instruction execution
time

Expanded-specification product™®: 0.2 us (at 10.0 MHz operation)
Conventional product™: 0.4 us (at 5.0 MHz operation)

Electrical specifications

Refer to the ELECTRICAL SPECIFICATIONS chapters.

Note Referto 2.1 Expanded-Specification Products and Conventional Products.
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3.1 Pin Function List

CHAPTER 3 PIN FUNCTIONS (4PD789167 AND 789177 SUBSERIES)

(1) Port pins

8-bit input-only port

Pin Name I/0 Function After Reset Alternate Function
P00 to P05 I/0 Port 0 Input -
6-bit 1/0 port
I/0O mode can be specified in 1-bit units.
When used as an input port, an on-chip pull-up resistor can
be specified by means of pull-up resistor option register 0
(PUO).
P10, P11 110 Port 1 Input -
2-bit I/O port
I/0O mode can be specified in 1-bit units.
When used as an input port, an on-chip pull-up resistor can
be specified by means of pull-up resistor option register 0
(PUO).
P20 /0 Port 2 Input SCK20/ASCK20
P21 7-bit I/O port SO20/TxD20
I/0O mode can be specified in 1-bit units.
p22 For P20 to P22, P25, and P26, an on-chip pull-up resistor SI120/RxD20
P23 can be specified by means of pull-up resistor option register _
P24 B2 (PUB2).
Only P23 and P24 can be used as N-ch open-drain I/O port
P26 TO80
P30 I/0 Port 3 Input INTPO/TI81/CPT90
P31 4-bit /O port INTP1/TO81
I/0O mode can be specified in 1-bit units.
P32 An on-chip pull-up resistor can be specified by means of pull- INTP2/TO90
P33 up resistor option register B3 (PUB3). INTP3/TO82/BZ0O90
P50 to P53 I/0 Port 5 Input -
4-bit N-ch open-drain I/O port
I/0O mode can be specified in 1-bit units.
For a mask ROM version, an on-chip pull-up resistor can be
specified by the mask option.
P60 to P67 Input Port 6 Input ANIO to ANI7
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CHAPTER 3 PIN FUNCTIONS (4PD789167 AND 789177 SUBSERIES)

(2) Non-port pins

Pin Name I/0 Function After Reset Alternate Function
INTPO Input External interrupt input for which the valid edge (rising edge, Input P30/TI81/CPT90
INTP1 falling edge, or both rising and falling edges) can be specified P31/TO81
INTP2 P32/TO90
INTP3 P33/T082/BZ0O90
SI20 Input Serial data input to serial interface Input P22/RxD20
S0O20 Output | Serial data output from serial interface Input P21/TxD20
SCK20 1/0 Serial clock 1/O for serial interface Input P20/ASCK20
5520 Input Chip select input to serial interface Input P25/T180
ASCK20 Input | Serial clock input for asynchronous serial interface Input P20/SCK20
RxD20 Input | Serial data input for asynchronous serial interface Input P22/S120
TxD20 Output | Serial data output for asynchronous serial interface Input P21/S020
TI80 Input External count clock input to 8-bit timer/event counter (TM80) Input P25/SS20
TI81 Input External count clock input to 8-bit timer/event counter (TM81) Input P30/INTPO/CPT90
TO80 Output | 8-bit timer/event counter (TM80) output Input P26
TO81 Output | 8-bit timer/event counter (TM81) output Input P31/INTP1
TO82 Output | 8-bit timer (TM82) output Input P33/INTP3/BZO90
TO90 OQutput | 16-bit timer (TM90) output Input P32/INTP2
CPT90 Input | Capture edge input Input P30/INTPO/TI81
BZ0O90 Output | Buzzer output Input P33/INTP3/TO82
ANIO to ANI7 Input A/D converter analog input Input P60 to P67
AVRer - A/D converter reference voltage - -

AVss - A/D converter ground potential - -
AVop - A/D converter analog power supply - -
X1 Input Connecting crystal resonator for main system clock oscillation - -
X2 - - -
XT1 Input Connecting crystal resonator for subsystem clock oscillation - -
XT2 - - -
RESET Input | System reset input Input -
Vooo - Positive power supply - -
Vob1 - Positive power supply (other than ports) - -
Vsso - Ground potential - -
Vssi - Ground potential (other than ports) - -
ICO - Internally connected. Connect this pin directly to the Vsso or - -
Vsst pin.
IC3 - Internally connected. Leave open. - -
Vep - This pin is used to set flash memory programming mode and - -

applies a high voltage when a program is written or verified.

User's Manual U14186EJ6VOUD

47



CHAPTER 3 PIN FUNCTIONS (#PD789167 AND 789177 SUBSERIES)

3.2 Description of Pin Functions

3.2.1 P00 to P05 (Port 0)

These pins constitute a 6-bit I/O port and can be set to input or output port mode in 1-bit units by using port mode
register 0 (PM0). When these pins are used as an input port, an on-chip pull-up resistor can be used by setting pull-
up resistor option register 0 (PUO).

3.2.2 P10, P11 (Port 1)

These pins constitute a 2-bit I/O port and can be set to input or output port mode in 1-bit units by using port mode
register 1 (PM1). When these pins are used as an input port, an on-chip pull-up resistor can be used by setting pull-
up resistor option register 0 (PUO).

3.2.3 P20 to P26 (Port 2)

These pins constitute a 7-bit I/O port. In addition, these pins provide a function to perform 1/O to/from the timer
and to I/O the data and clock of the serial interface.

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

(1) Port mode
In port mode, P20 to P26 function as a 7-bit I/O port. Port 2 can be set to input or output mode in 1-bit units
by using port mode register 2 (PM2). For P20 to P22, P25, and P26, whether to use on-chip pull-up resistors
can be specified in 1-bit units by using pull-up resistor option register B2 (PUB2), regardless of the setting of
port mode register 2 (PM2). P23 and P24 are N-ch open-drain I/O ports.

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

(a) TI8O
This is the external clock input pin for 8-bit timer/event counter 80.

(b) TO80
This is the timer output pin of 8-bit timer/event counter 80.

(c) SI20, SO20
These are the serial data I/O pins of the serial interface.

(d) SCK20
This is the serial clock I/O pin of the serial interface.

(e) SS20
This is the chip select input pin of the serial interface.

(f) RxD20, TxD20
These are the serial data I/O pins of the asynchronous serial interface.
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CHAPTER 3 PIN FUNCTIONS (4PD789167 AND 789177 SUBSERIES)

(g) ASCK20
This is the serial clock input pin of the asynchronous serial interface.

Caution When using P20 to P26 as serial interface pins, the /O mode and output latch must be
set according to the function to be used. For details of the setting, see Table 14-2
Operating Mode Settings of Serial Interface 20.

3.2.4 P30 to P33 (Port 3)

These pins constitute a 4-bit I/O port. In addition, these pins function as the timer I/O and the external interrupt
input.

Port 3 can be set to the following operation modes in 1-bit units.

(1) Port mode
In port mode, P30 to P33 function as a 4-bit I/O port. Port 3 can be set to input or output mode in 1-bit units
by using port mode register 3 (PM3). Whether to use the on-chip pull-up resistor can be specified in 1-bit
units by using pull-up resistor option register B3 (PUB3), regardless of the setting of port mode register 3
(PM3).

(2) Control mode
In this mode, P30 to P33 function as the timer I/O and the external interrupt input.

(a) TI81
This is the external clock input pin for 8-bit timer/event counter 81.

(b) TO90, TO81, TO82
These are the output pins of 16-bit timer 90, 8-bit timer/event counter 81, and 8-bit timer 82.

(c) CPT90
This is the capture edge input pin of 16-bit timer 90.

(d) BZO90
This is the buzzer output pin of 16-bit timer 90.

(e) INTPO to INTP3
These are external interrupt input pins for which the valid edge (rising edge, falling edge, and both the
rising and falling edges) can be specified.

3.2.5 P50 to P53 (Port 5)

These pins constitute a 4-bit N-ch open-drain I/O port. Port 5 can be set to input or output mode in 1-bit units by
using port mode register 5 (PM5). For a mask ROM version, whether a pull-up resistor is to be incorporated can be
specified by a mask option.
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3.2.6 P60 to P67 (Port 6)
These pins constitute an 8-bit input-only port. They can function as A/D converter input pins as well as a general-
purpose input port.

(1) Port mode
In port mode, P60 to P67 function as an 8-bit input-only port.

(2) Control mode
In control mode, P60 to P67 function as A/D converter analog inputs (ANIO to ANI7).

3.2.7 RESET
A low-level active system reset signal is input to this pin.

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

3.2.9 XT1, XT2
These pins are used to connect a crystal resonator for subsystem clock oscillation.
To supply an external clock, input the clock to XT1 and input the inverted signal to XT2.

3.2.10 AVop
Analog power supply pin of the A/D converter. Always use the same potential as that of the Vboo pin even when
the A/D converter is not used.

3.2.11 AVss
This is a ground potential pin of the A/D converter. Always use the same potential as that of the Vsso pin even
when the A/D converter is not used.

3.2.12 AVRer
This is the A/D converter reference voltage input pin. When the A/D converter is not used, connect this pin to
Vbpo or Vsso.

3.2.13 Vpobo, Vo1
Vboo is a positive power supply pin for ports.
Vob1 is a positive power supply pin for other than ports.

3.2.14 Vsso, Vss1

Vsso is a ground potential for ports pin.
Vss1 is a ground potential pin for other than ports.
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CHAPTER 3 PIN FUNCTIONS (4PD789167 AND 789177 SUBSERIES)

3.2.15 Vpp (flash memory version only)

High voltage application pin for flash memory programming mode setting and program write/verify.

Connect this pin in either of the following ways.

¢ Independently connect to a 10 kQ pull-down resistor.

e By using a jumper on the board, connect directly to the dedicated flash programmer in the programming mode

or to Vss in the normal operation mode.

If the wiring between the Vpp pin and Vss pin is very long or external noise is superimposed on the Vep pin, the

user program may not run correctly.

3.2.16 1C0 (mask ROM version only)

The ICO (internally connected) pin is used to set the uPD789167 and 789177 Subseries to test mode before
shipment. In normal operation mode, directly connect this pin to the Vsso or Vss1 pin with as short a wiring length as
possible.

If a potential difference is generated between the ICO pin and Vsso or Vssi pin due to a long wiring length or
external noise superimposed on the ICO pin, the user program may not run correctly.

o Directly connect the ICO pin to the Vsso or Vss1 pin.

Vsso,
Vsst1 ICO

.

Keep short

3.2.17 IC3
The IC3 pin is internally connected. Leave this pin open.
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3.3 Pin I/O Circuits and Recommended Connection of Unused Pins

The I/O circuit type of each pin and recommended connection of unused pins are shown in Table 3-1.

For the 1/O circuit configuration of each type, refer to Figure 3-1.

Table 3-1. Types of I/O Circuits for Each Pin and Recommended Connection of Unused Pins

Pin Name I/O Circuit Type I/0 Recommended Connection of Unused Pins
P00 to P05 5-H I/0 Input:  Independently connect to Vooo, Vob1 Vsso, or Vsst
P10, P11 via a resistor.
p— Output: Leave open.

P20/SCK20/ASCK20 8-C

P21/S020/TxD20

P22/S120/RxD20

P23 13-X Input:  Independently connect to Vooo or Vo1 via a resistor.

P24 Qutput: Leave open.

P25/T180/SS20 8-C Input:  Independently connect to Vooo, Voot, Vsso, or Vssi

P26/TO80 via a resistor.
Output: Leave open.

P30/INTPO/TI81/CPT90 Input:  Independently connect to Vsso or Vssi via a resistor.

P31/INTP1/TO81 Output: Leave open.

P32/INTP2/TO90

P33/INTP3/TO82/BZ090

P50 to P53 (mask ROM version) 13-U Input:  Connect to Vsso or Vsst.

P50 to P53 (flash memory version) 13-T Output: Leave open.

P60/ANIO to P67/ANI7 9-C Input | Connect directly to Voo, Vop1, Vsso, or Vsst.

XT1 - Input | Connect directly to Vsso or Vsst.

XT2 - Leave open.

RESET 2 Input -

ICO (mask ROM version) - - Connect directly to Vsso or Vss1.

IC3 Leave open.

Vep (flash memory version) Independently connect via a 10 kQ pull-down resistor, or
connect directly to Vsso or Vssi.
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Figure 3-1. Pin I/O Circuits

Type 2

Schmitt-triggered input with hysteresis

characteristics

Type 13-T

+—O IN/OUT

N-ch

Output data :):>O_|
Output disable
g Vsso

Input enable

Input buffer with intermediate withstanding voltage

Vsso

o]

Type 5-H Vbbo Type 13-U
Vopo
Bull Pull-up resistor —*—
ull-up ; mask option) <.
enable DO_' P-ch ( ption) >
Vooo —+—O IN/OUT
Output data :):>O_| N-ch
Data 7:D3_| P-ch Output disable -
IN/OUT Veso
disable Vso Input enable
Input buffer with intermediate withstanding voltage
Input
enable
Type 8-C Vbpo Type 13-X
Pull-up DC P-ch
enable —O IN/OUT
Vboo Output data :):>o—| N-ch
Output disable :
Data 7:D)_| P-ch P Vsso
IN/OUT
Input buffer with 5 V 4}
Output N-ch wi?hstanding voltage
disable

Comparator

Type 9-C

IN O—y

VRer
(Threshold voltage)

[: Input

Comparator

enable
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CHAPTER 4 PIN FUNCTIONS («PD789167Y AND 789177Y SUBSERIES)

(1) Port pins

Pin Name I/0 Function After Reset Alternate Function
P00 to P05 I/0 Port 0 Input -
6-bit 1/0 port
I/0O mode can be specified in 1-bit units.
When used as an input port, an on-chip pull-up resistor can
be specified by means of pull-up resistor option register 0
(PUO).
P10, P11 110 Port 1 Input -
2-bit I/O port
I/0O mode can be specified in 1-bit units.
When used as an input port, an on-chip pull-up resistor can
be specified by means of pull-up resistor option register 0
(PUO).
P20 /0 Port 2 Input SCK20/ASCK20
P21 7-bit I/O port SO20/TxD20
I/0O mode can be specified in 1-bit units.
p22 For P20 to P22, P25, and P26, an on-chip pull-up resistor SI120/RxD20
P23 can be specified by means of pull-up resistor option register SCLO
B2 (PUB2).
P24 ) SDAO
Only P23 and P24 can be used as N-ch open-drain I/O port
P26 TO80
P30 I/0 Port 3 Input INTPO/TI81/CPT90
P31 4-bit I/O port INTP1/TO81
I/0 mode can be specified in 1-bit units.
P32 An on-chip pull-up resistor can be specified by means of pull- INTP2/TO90
P33 up resistor option register B3 (PUB3). INTP3/TO82/BZ0O90
P50 to P53 I/0 Port 5 Input -
4-bit N-ch open-drain I/O port
I/0O mode can be specified in 1-bit units.
For a mask ROM version, an on-chip pull-up resistor can be
specified by the mask option.
P60 to P67 Input Port 6 Input ANIO to ANI7
8-bit input-only port
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CHAPTER 4 PIN FUNCTIONS (4PD789167Y AND 789177Y SUBSERIES)

(2) Non-port pins

Pin Name I/0 Function After Reset Alternate Function
INTPO Input External interrupt input for which the valid edge (rising edge, Input P30/TI81/CPT90
INTP1 falling edge, or both rising and falling edges) can be specified P31/TO81
INTP2 P32/TO90
INTP3 P33/T082/BZ0O90
SI20 Input Serial data input to serial interface Input P22/RxD20
S0O20 Output | Serial data output from serial interface Input P21/TxD20
SCK20 1/0 Serial clock 1/O for serial interface Input P20/ASCK20
SS20 Input Chip select input to serial interface Input P25/T180
ASCK20 Input | Serial clock input for asynchronous serial interface Input P20/SCK20
RxD20 Input | Serial data input for asynchronous serial interface Input P22/S120
TxD20 Output | Serial data output for asynchronous serial interface Input P21/S020
SCLO /0 SMBO clock I/0 Input P23
SDAO 110 SMBO data I/O Input P24
TI80 Input External count clock input to 8-bit timer/event counter (TM80) Input P25/SS20
TI81 Input External count clock input to 8-bit timer/event counter (TM81) Input P30/INTPO/CPT90
TO80 Output | 8-bit timer/event counter (TM80) output Input P26
TO81 Output | 8-bit timer/event counter (TM81) output Input P31/INTP1
TO82 Output | 8-bit timer (TM82) output Input P33/INTP3/BZO90
TO90 OQutput | 16-bit timer (TM90) output Input P32/INTP2
CPT90 Input | Capture edge input Input P30/INTPO/TI81
BZ0O90 Output | Buzzer output Input P33/INTP3/TO82
ANIO to ANI7 Input A/D converter analog input Input P60 to P67
AVRer - A/D converter reference voltage - -

AVss - A/D converter ground potential - -
AVop - A/D converter analog power supply - -
X1 Input Connecting crystal resonator for main system clock oscillation - -
X2 - - -
XT1 Input Connecting crystal resonator for subsystem clock oscillation - -
XT2 - - -
RESET Input System reset input Input -
Vooo - Positive power supply - -
Vob1 - Positive power supply (other than ports) - -
Vsso - Ground potential - -
Vssi - Ground potential (other than ports) - -
ICO - Internally connected. Connect this pin directly to the Vsso or - -
Vsst pin.
IC2 - Internally connected. Leave this pin open. - -
Vep - This pin is used to set flash memory programming mode and - -

applies a high voltage when a program is written or verified.
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4.2 Description of Pin Functions

4.2.1 P00 to P05 (Port 0)

These pins constitute a 6-bit I/O port and can be set to input or output port mode in 1-bit units by using port mode
register 0 (PM0). When these pins are used as an input port, an on-chip pull-up resistor can be used by setting pull-
up resistor option register 0 (PUO).

4.2.2 P10, P11 (Port 1)

These pins constitute a 2-bit I/O port and can be set to input or output port mode in 1-bit units by using port mode
register 1 (PM1). When these pins are used as an input port, an on-chip pull-up resistor can be used by setting pull-
up resistor option register 0 (PUO).

4.2.3 P20 to P26 (Port 2)

These pins constitute a 7-bit I/O port. In addition, these pins provide a function to perform 1/O to/from the timer
and to I/O the data and clock of the serial interface.

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

(1) Port mode
In port mode, P20 to P26 function as a 7-bit I/O port. Port 2 can be set to input or output mode in 1-bit units
by using port mode register 2 (PM2). For P20 to P22, P25, and P26, whether to use on-chip pull-up resistors
can be specified in 1-bit units by using pull-up resistor option register B2 (PUB2), regardless of the setting of
port mode register 2 (PM2). P23 and P24 are N-ch open-drain I/O ports.

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

(a) TI8O
This is the external clock input pin for 8-bit timer/event counter 80.

(b) TO80
This is the timer output pin of 8-bit timer/event counter 80.

(c) SI20, SO20
These are the serial data I/O pins of the serial interface.

(d) SCK20
This is the serial clock I/O pin of the serial interface.

(e) SS20
This is the chip select input pin of the serial interface.

(f) RxD20, TxD20
These are the serial data I/O pins of the asynchronous serial interface.
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(g) ASCK20
This is the serial clock input pin of the asynchronous serial interface.

(h) SCLoO
This is the clock 1/0O pin of SMBO.

(i) SDAO
This is the data I/O pin of SMBO.

Caution When using P20 to P26 as serial interface pins, the I/O mode and output latch must be
set according to the function to be used. For details of the setting, see Table 14-2
Operating Mode Setting of Serial Interface 20.

4.2.4 P30 to P33 (Port 3)

These pins constitute a 4-bit I/O port. In addition, these pins function as the timer I/O and the external interrupt
input.

Port 3 can be set to the following operation modes in 1-bit units.

(1) Port mode
In port mode, P30 to P33 function as a 4-bit I/O port. Port 3 can be set to input or output mode in 1-bit units
by using port mode register 3 (PM3). Whether to use the on-chip pull-up resistor can be specified in 1-bit
units by using pull-up resistor option register B3 (PUBS3), regardless of the setting of port mode register 3
(PM3).

(2) Control mode
In this mode, P30 to P33 function as the timer 1/0 and the external interrupt input.

(a) TI81
This is the external clock input pin for 8-bit timer/event counter 81.

(b) TO90, TO81, TO82
These are the output pins of 16-bit timer 90, 8-bit timer/event counter 81, and 8-bit timer 82.

(c) CPT90
This is the capture edge input pin of 16-bit timer 90.

(d) BZO90
This is the buzzer output pin of 16-bit timer 90.

(e) INTPO to INTP3
These are external interrupt input pins for which the valid edge (rising edge, falling edge, and both the
rising and falling edges) can be specified.

4.2.5 P50 to P53 (Port 5)

These pins constitute a 4-bit N-ch open-drain 1/O port. Port 5 can be set to input or output mode in 1-bit units by
using port mode register 5 (PM5). For a mask ROM version, whether a pull-up resistor is to be incorporated can be
specified by a mask option.
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4.2.6 P60 to P67 (Port 6)
These pins constitute an 8-bit input-only port. They can function as A/D converter input pins as well as a general-
purpose input port.

(1) Port mode
In port mode, P60 to P67 function as an 8-bit input-only port.

(2) Control mode
In control mode, P60 to P67 function as A/D converter analog inputs (ANIO to ANI7).

4.2.7 RESET
A low-level active system reset signal is input to this pin.

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

4.2.9 XT1, XT2
These pins are used to connect a crystal resonator for subsystem clock oscillation.
To supply an external clock, input the clock to XT1 and input the inverted signal to XT2.

4.2.10 AVop
Analog power supply pin of the A/D converter. Always use the same potential as that of the Vboo pin even when
the A/D converter is not used.

4.2.11 AVss
This is a ground potential pin of the A/D converter. Always use the same potential as that of the Vsso pin even
when the A/D converter is not used.

4.2.12 AVReF
This is the A/D converter reference voltage input pin. When the A/D converter is not used, connect this pin to
Vbpo or Vsso.

4.2.13 Vbbo, Vb1
Vboo is a positive power supply pin for ports.
Vob1 is a positive power supply pin for other than ports.

4.2.14 Vsso, Vss1

Vsso is a ground potential pin for ports.
Vss1 is a ground potential pin for other than ports.
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4.2.15 Vpp (flash memory version only)

High voltage apply pin for flash memory programming mode setting and program write/verify.

Connect this pin in either of the following ways.

¢ Independently connect to a 10 kQ pull-down resistor.

e By using a jumper on the board, connect directly to the dedicated flash programmer in the programming mode

or to Vss in the normal operation mode.

If the wiring between the Vpp pin and Vss pin is very long or external noise is superimposed on the Vep pin, the

user program may not run correctly.

4.2.16 1C0 (mask ROM version only)

The ICO (internally connected) pin is used to set the 4#PD789167Y and 789177Y Subseries to test mode before
shipment. In normal operation mode, directly connect this pin to the Vsso or Vss1 pin with as short a wiring length as
possible.

If a potential difference is generated between the ICO pin and Vsso or Vssi pin due to a long wiring length or
external noise superimposed on the ICO pin, the user program may not run correctly.

o Directly connect the ICO pin to the Vsso or Vss1 pin.

Vsso,

Vssi ICO

.

Keep short

4.2.17 1C2
The IC2 pin is internally connected. Leave this pin open.
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4.3 Pin I/O Circuits and Recommended Connection of Unused Pins

The I/O circuit type of each pin and recommended connection of unused pins are shown in Table 4-1.

For the 1/O circuit configuration of each type, refer to Figure 4-1.

Table 4-1. Types of I/O Circuits for Each Pin and Recommended Connection of Unused Pins

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

P00 to P05 5-H I/0 Input:  Independently connect to Vooo, Voot, Vsso, or Vssi
P10, P11 via a resistor.

p— Output: Leave open.
P20/SCK20/ASCK20 8-C
P21/S020/TxD20
P22/S120/RxD20
P23/SCLO 13-X Input:  Independently connect to Vooo or Vob1 via a resistor.
P24/SDAO Output: Leave open.
P25/T180/SS20 8-C Input:  Independently connect to Vooo, Voot, Vsso, or Vssi
P26/TO80 via a resistor.

Output: Leave open.

P30/INTPO/TI81/CPT90 Input:  Independently connect to Vsso or Vssi via a resistor.
P31/INTP1/TO81 Output: Leave open.
P32/INTP2/TO90
P33/INTP3/TO82/BZO90
P50 to P53 (mask ROM version) 13-U Input:  Connect to Vsso or Vsst.
P50 to P53 (flash memory version) 13-T Output:  Leave open.
P60/ANIO to P67/ANI7 9-C Input | Connect directly to Vooo, Vop1, Vsso, or Vsst.
XT1 - Input | Connect directly to Vsso or Vss1.
XT2 - Leave open.
RESET 2 Input -

ICO (mask ROM version)

IC2

Vep (flash memory version)

Connect directly to Vsso or Vsst.

Leave open.

Independently connect via a 10 kQ pull-down resistor, or
connect directly to Vsso or Vsst.

60
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Figure 4-1. Pin I/O Circuits

Type 2

Schmitt-triggered input with hysteresis characteristics

Type 13-T

+—O IN/OUT

N-ch

Output data :):>O_|
Output disable
; Vsso

Input enable

Input buffer with intermediate withstanding voltage

IN O—
N-ch

_’_AVss ;
VRer

(Threshold voltage)

Input

enable

Type 5-H Vobo Type 13-U
Vooo
Bul Pull-up resistor —*—
ull-up l,: } mask option) ~*
enable P-ch ( pion) 2
+——0O INJOUT
Voo
Output data :):>O_| N-ch
Data ————+—{ Y|~ Pch Output disable -C
IN/OUT Veso
disable Vsso Input enable
ﬁ Input buffer with intermediate withstanding voltage
Input
enable
Type 8-C Voo Type 13-X
Pull-up Do_i P-ch
enable +—O INJOUT
Voo Output data :):>o—| N-ch
Output disable :
Data :Da—' P-ch P Vsso
IN/OUT
—
Outout Input buffer with 5 V ~
utp N-ch withstanding voltage
disable Vsso
Comparator
o<
Type 9-C
-
P-ch Comparator
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5.1 Memory Space

Products in the 4PD789167, 789177, 789167Y, and 789177Y Subseries can each access up to 64 KB of memory
space. Figures 5-1 through 5-3 show the memory maps.

Figure 5-1. Memory Map (zPD789166, 4xPD789176, uPD789166Y, and 4zPD789176Y)

FFFFH
Special-function registers
256 x 8 bits
FFOOH
FEFFH
Internal high-speed RAM
512 x 8 bits
FDOOH
FCFFH
o0 Reserved -
Data memory space
3FFFH
4000H
3FFFH
=0 Program area fad
0080H
SProgram memory AL Internal ROM AL 007FH
pace - -
16,384 x 8 bits CALLT table area
0040H
003FH
P
0024H rogram area
0023H
Vector table area
000OH 0000H
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Figure 5-2. Memory Map (¢PD789167, 4PD789177, uPD789167Y, and uPD789177Y)

Data memory space

space

FFFFH
Special-function registers
256 x 8 bits
FFOOH
FEFFH
Internal high-speed RAM
512 x 8 bits
FDOOH
FCFFH
= Reserved =
5FFFH
6000H
5FFFH
0080H
Program memory L Internal ROM B 007FH
24,576 x 8 bits
0040H
003FH
0024H
0023H
0O0O0OH 000O0OH

))

— Program area

CALLT table area

Program area

Vector table area
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Figure 5-3. Memory Map (¢PD78F9177, uPD78F9177Y, uPD78F9177A, and uPD78F9177AY)

FFFFH
Special-function registers
256 x 8 bits
FFOOH
FEFFH
Internal high-speed RAM
512 x 8 bits
FDOOH
FCFFH
= Reserved =0
Data memory space
5FFFH
6000H
5FFFH
= Program area
0080H
SPrgg;am memory L Internal flash memory | 007FH
P 24,576 x 8 bits CALLT table area
0040H
003FH
0024H Program area
0023H
Vector table area
00O0OH 0000H

64 User's Manual U14186EJ6VOUD



CHAPTER 5 CPU ARCHITECTURE

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

The

uPD789167, 789177, 789167Y, and 789177Y Subseries provide the following internal ROM (or flash

memory) containing the following capacities.

Table 5-1. Internal ROM Capacity

Part Number Internal ROM
Structure Capacity
©PD789166, 4/PD789176, uPD789166Y, 4PD789176Y Mask ROM 16,384 x 8 bits
uPD789167, uPD789177, uPD789167Y, 4PD789177Y 24,576 x 8 bits
uPD78F9177, uPD78F9177Y, uPD78F9177A, uPD Flash memory 24,576 x 8 bits
78F9177AY

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

(1) Vector table area
A 36-byte area of addresses 0000H to 0023H is reserved as a vector table area. This area stores program
start addresses to be used when branching by RESET input or interrupt request generation. Of a
16-bit program address, the lower 8 bits are stored in an even address, and the higher 8 bits are stored in an
odd address.
Table 5-2. Vector Table
Vector Table Address Interrupt Request Vector Table Address Interrupt Request

0000H RESET input 0014H INTWTI

0004H INTWDT 0016H INTTM80

0006H INTPO 0018H INTTM81

0008H INTP1 001AH INTTM82

000AH INTP2 001CH INTTM90

000CH INTP3 001EH INTSMBO™™

000EH INTSR20/INTCSI20 0020H INTSMBOVO"*

0010H INTST20 0022H INTADO

0012H INTWT

Note For the uPD789167Y and 789177Y Subseries only

)

CALLT instruction table area
The subroutine entry address of a 1-byte call instruction (CALLT) can be stored in a 64-byte area of
addresses 0040H to 007FH.
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5.1.2 Internal data memory (internal high-speed RAM) space
The 4PD789167, 789177, 789167Y, and 789177Y Subseries provide a 512-byte internal high-speed RAM.
The internal high-speed RAM can also be used as a stack memory.

5.1.3 Special-function register (SFR) area
Special-function registers (SFRs) of on-chip peripheral hardware are allocated to an area of FFOOH to FFFFH
(see Table 5-3).

5.1.4 Data memory addressing

Each of the xPD789167, 789177, 789167Y, 789177Y Subseries is provided with a wide range of addressing
modes to make memory manipulation as efficient as possible. A data memory area (FDOOH to FFFFH) can be
accessed using a unique addressing mode according to its use, such as a special-function register (SFR). Figures 5-
4 through 5-6 illustrate the data memory addressing modes.

Figure 5-4. Data Memory Addressing Modes (xPD789166, uPD789176, 4PD789166Y, and 4PD789176Y)

FFFFH
Special-function registers (SFR) .
256 % 8 bits SFR addressing
FF20H
FFAFH|" """ """~~~ 7=7=7777°7°7°7 T T T Tt T T T
FFOOH
FEFFH
Internal high-speed RAM Short direct addressing
512 x 8 bits
FE20H} ]
FE1FH
FDOOH
FCFFH Direct addressing
Register indirect addressing
Based addressing
¥~ Reserved &
4000H
3FFFH
Internal ROM
16,384 x 8 bits
000O0H
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Figure 5-5. Data Memory Addressing Modes (zPD789167, xPD789177, uPD789167Y, and uPD789177Y)

FFFFH

FF20H
FF1FH

FFOOH
FEFFH

FE20H
FE1FH

FDOOH
FCFFH

6000H
5FFFH

000O0H

Special-function registers (SFR)
256 x 8 bits

SFR

addressing

Internal high-speed RAM
512 x 8 bits

Short direct addressing

- Reserved

Internal ROM
24,576 x 8 bits

Direct addressing
Register indirect addressing

Based addressing
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Figure 5-6. Data Memory Addressing Modes (xPD78F9177, uPD78F9177Y, 4xPD78F9177A, and

FFFFH

FF20H
FF1FH

FFOOH
FEFFH

FE20H
FE1FH

FDOOH
FCFFH

6000H
5FFFH

000O0H

UPD78F9177AY)

Special-function registers (SFR)
256 x 8 bits

SFR

addressing

Internal high-speed RAM
512 x 8 bits

Short direct addressing

- Reserved

Internal flash memory
24,576 x 8 bits

Direct addressing
Register indirect addressing

Based addressing

User’'s Manual U14186EJ6VOUD



CHAPTER 5 CPU ARCHITECTURE

5.2 Processor Registers
The 4PD789167, 789177, 789167Y, and 789177Y Subseries provide the following on-chip processor registers.

5.2.1 Control registers
The control registers have special functions to control the program sequence statuses and stack memory. The
control registers include a program counter, a program status word, and a stack pointer.

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

Figure 5-7. Program Counter Configuration

15 0
PC [PC15 |PC14 |PC13 |Pci2 |Pci1 |Pc10| PCo | Pcs | PC7 | PCs | PCs | Pc4 | Pca | Pc2 | Pet | Peo |

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

Figure 5-8. Program Status Word Configuration

7 0

PSW IE Z 0 AC 0 0 1 CY
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(C))

(b)

()

(d)

Interrupt enable flag (IE)

This flag controls interrupt request acknowledgment operations of the CPU.

When IE = 0, the interrupt disabled (DI) status is set. All interrupt requests except non-maskable interrupt
are disabled.

When |E = 1, the interrupt enabled (El) status is set. Interrupt request acknowledgment is controlled with
an interrupt mask flag for various interrupt sources.

This flag is reset to 0 upon DI instruction execution or interrupt acknowledgment and is set to 1 upon El
instruction execution.

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

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

Carry flag (CY)

This flag stores an overflow or underflow that occurs upon add/subtract instruction execution. It stores the
shift-out value upon rotate instruction execution and functions as a bit accumulator during bit operation
instruction execution.
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(3) Stack pointer (SP)
This is a 16-bit register used to hold the start address of the memory stack area. Only the internal high-
speed RAM area can be set as the stack area.

Figure 5-9. Stack Pointer Configuration

15 0
sP [sP15 |sP14|sP13|sP12|sP11|sP10] SPo | SP8 | SP7 | SP6 | SP5 | sP4 | sP3 | sp2 | sP1 | spo |

The SP is decremented ahead of writing (saving) to the stack memory and is incremented after reading
(restoring) from the stack memory.

Each stack operation saves/restores data as shown in Figures 5-10 and 5-11.

Caution Since RESET input makes SP contents undefined, be sure to initialize the SP before using

the stack.
Figure 5-10. Data to Be Saved to Stack Memory
PUSH rp CALL, CALLT Interrupt
instruction instructions
SP <+ SP-3
SP = SP¢—2 SP = SpP-2 SP-3 PC7 to PCO
sP ﬁ_ 2 negister pair SP-2 PC7 to PCO SP-2 PC15 to PC8
SP— 1 Register pair SP -1 PC15 to PC8 SP -1 PSW
? higher ? ?
sp = Sp > sp >
Figure 5-11. Data to Be Restored from Stack Memory
POP rp RET instruction RETI instruction
instruction
sp - |  pegsterpair sP = | PC7toPCO sP | pPc7toPcO
SP 4 1 EZ?]'::GF pair SP + 1 PC15 to PC8 SP +1 PC15 to PC8
SP = SP+2 SP = SP +2 SP+2 PSW
SP =< SP+3

User's Manual U14186EJ6VOUD




CHAPTER 5 CPU ARCHITECTURE

5.2.2 General-purpose registers

The general-purpose registers consist of eight 8-bit registers (X, A, C, B, E, D, L, and H).

In addition that each register can be used as an 8-bit register, two 8-bit registers in pairs can be used as a 16-bit
register (AX, BC, DE, and HL).

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

Figure 5-12. General-Purpose Register Configuration

(a) Absolute names

16-bit processing 8-bit processing

R7

RP3
R6
R5

RP2
R4
R3

RP1
R2
R1

RPO
RO

15 0 7 0

(b) Functional names

16-bit processing 8-bit processing

H

HL
L
D

DE
E
B

BC
C
A

AX
X

15 0 7 0
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5.2.3 Special-function registers (SFR)

Unlike a general-purpose register, each special-function register has a special function.

They are allocated to the 256-byte area FFOOH to FFFFH.

The special-function registers can be manipulated, like the general-purpose registers, with operation, transfer, and
bit manipulation instructions. Manipulatable bit units (1, 8, and 16) differ depending on the special-function register
type.

Each manipulation bit unit can be specified as follows.

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

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

¢ 16-bit manipulation
Describes a symbol reserved by the assembler for the 16-bit manipulation instruction operand. When specifying
an address, describe an even address.

Table 5-3 lists the special-function registers. The meanings of the symbols in this table are as follows.

¢ Symbol
Indicates the addresses of the implemented special-function registers. The symbols shown in this column are
reserved words in the assembler, and have already been defined as sfr variables by the #pragma sfr directive in
the C compiler. Therefore, these symbols can be used as instruction operands if an assembler or integrated
debugger is used.

e R'W
Indicates whether the special-function register can be read or written.
R/W: Read/write
R: Read only
W: Write only

¢ Bit units for manipulation
Indicates the bit units (1, 8, and 16) in which the special-function register can be manipulated.

o After reset
Indicates the status of the special-function register when the RESET signal is input.
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Table 5-3. Special-Function Registers (1/2)

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

FFOOH | Port0 PO R/W v N - 00H

FFO1H | Port 1 P1 v J -

FFO2H | Port2 P2 3 3 -

FFO3H | Port 3 P3 v J -

FFO5H | Port 5 P5 3 3 -

FFO6H | Port6 P6 R v J -

FF10H | 16-bit multiplication result storage  |MULOL [MULO - - JNotes 2.3 | yndefined

FF11H |register0 MULOH

FF14H | A/D conversion result register 0 ADCRO - JNote 1 JNote 2

FF15H

FF16H | 16-bit compare register 90 CRoOL |[CROO | W - - JNotes2.3 | FrERY

FF17H CR90H

FF18H | 16-bit timer counter 90 TMoOL |[TM90 | R - - JNetes2:3 1 0000H

FF19H TM90H

FF1AH | 16-bit capture register 90 TCP9OL | TCP90O - - JNotes 23| yndefined

FF1BH TCP90OH

FF20H | Port mode register 0 PMO R/W v \ - FFH

FF21H | Port mode register 1 PM1 v \ -

FF22H | Port mode register 2 PM2 v R -

FF23H | Port mode register 3 PM3 v \ -

FF25H | Port mode register 5 PM5 v R -

FF32H | Pull-up resistor option register B2 | PUB2 v \ - 00H

FF33H | Pull-up resistor option register B3 | PUB3 v \ -

FF42H | Timer clock selection register 2 TCL2 - v -

FF48H | 16-bit timer mode control register 90 | TMC90 v J -

FF49H | Buzzer output control register 90 BZC90 v v -

FF4AH | Watch timer mode control register | WTM v \ -

FF50H | 8-bit compare register 80 CR80 w - \ - Undefined

FF51H | 8-bit timer counter 80 TM80 R - N - 00H

FF53H | 8-bit timer mode control register 80 | TMC80 R/W v \ -

Notes 1. When using this register with an 8-bit A/D converter (4PD789167 or 789167Y Subseries), the register

74

can be accessed in 8-bit units. At this time, the address is FF15H.

When using this register with a 10-bit A/D converter (#PD789177 or 789177Y Subseries), the register
can be accessed only in 16-bit units. When the 4uPD78F9177 or uPD78F9177A, the flash memory
counterpart of the 4PD789166 or 4PD789167, is used, the register can be accessed in 8-bit units.
However, only an object file assembled with the 4PD789166 or xPD789167 can be used. The same is
also true for the uPD78F9177Y or uPD78F9177AY, the flash memory counterpart of the 4PD789166Y
or uPD789167Y. When the uPD78F9177Y or uPD78F9177AY is used, the register can be accessed in
8-bit units. However, only an object file assembled with the 4PD789166Y and 4PD789167Y can be
used.

16-bit access is allowed only with short direct addressing.

. MULO, CR90, TM90, and TCP90 are designed only for 16-bit access. With direct addressing, however,

they can also be accessed in 8-bit mode.
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Table 5-3. Special-Function Registers (2/2)

Address | Special-Function Register (SFR) Symbol R/W Bit Units for Manipulation After Reset
Name 1 Bit 8 Bits 16 Bits
FF54H | 8-bit compare register 81 CR81 w - \ - Undefined
FF55H | 8-bit timer counter 81 TM81 R - J - 00H
FF57H | 8-bit timer mode control register 81 | TMC81 R/W \ S -
FF58H | 8-bit compare register 82 CR82 - S - Undefined
FF59H | 8-bit timer counter 82 TM82 R J - 00H
FF5BH | 8-bit timer mode control register 82 | TMC82 R/W v \ -
FF70H | Asynchronous serial interface mode | ASIM20 \ S -
register 20
FF71H | Asynchronous serial interface status | ASIS20 R v \ -
register 20
FF72H | Serial operation mode register 20 | CSIM20 R/W \ S -
FF73H | Baud rate generator control register | BRGC20 - \ -
20
FF74H | Transmission shift register 20 TXS20 | SI020 - J - FFH
Reception buffer register 20 RXB2 R - J - Undefined
0
FF78H | SMB control register 0" SMBCO R/W R \ - 00H
FF79H | SMB status register 0" SMBSO0 R \ S -
FF7AH | SMB clock selection register 0" SMBCLO R/W v \ -
FF7BH | SMB slave address register 0" SMBSVAO \ d -
FF7CH | SMB mode register 0" SMBMO v \ - 20H
FF7DH | SMB input level setting register 0" | SMBVIO \ S - 00H
FF7EH | SMB shift register 0" SMBO v \ -
FF80H | A/D converter mode register 0 ADMO \ S -
FF84H | A/D input selection register 0 ADS0 v \ -
FFDOH | Multiplication data register AO MRAO w J J - Undefined
FFD1H | Multiplication data register BO MRBO v \ -
FFD2H | Multiplier control register 0 MULCO R/W J J - 00H
FFEOH | Interrupt request flag register 0 IFO v \ -
FFE1H | Interrupt request flag register 1 IF1 \ S -
FFE4H | Interrupt mask flag register 0 MKO v \ - FFH
FFE5H | Interrupt mask flag register 1 MK1 \ S -
FFECH | External interrupt mode register 0 INTMO - \ - O00H
FFEDH | External interrupt mode register 1 INTM1 - S -
FFFOH | Suboscillation mode register SCKM v \ -
FFF2H | Subclock control register Css \ S -
FFF7H | Pull-up resistor option register 0 PUO v \ -
FFFOH | Watchdog timer mode register WDTM \ S -
FFFAH | Oscillation stabilization time OSTS - \ - 04H
selection register
FFFBH | Processor clock control register PCC \ S - 02H

Note Forthe 4PD789167Y and 789177Y Subseries only

User's Manual U14186EJ6VOUD

75



CHAPTER 5 CPU ARCHITECTURE

5.3 Instruction Address Addressing

An instruction address is determined by the program counter (PC) contents. The PC contents are normally
incremented (+1 for each byte) automatically according to the number of bytes of an instruction to be fetched each
time another instruction is executed. When a branch instruction is executed, the branch destination information is set
to the PC and branched by the following addressing (for details of each instruction, refer to 78K/0S Series
Instruction User’s Manual (U11047E)).

5.3.1 Relative addressing

[Function]
The value obtained by adding 8-bit immediate data (displacement value: jdisp8) of an instruction code to the
start address of the following instruction is transferred to the program counter (PC) and branched. The
displacement value is treated as signed two’s complement data (—128 to +127) and bit 7 becomes a sign bit. In
other words, the range of branch in relative addressing is between —128 and +127 of the start address of the
following instruction.
This function is carried out when the BR $addr16 instruction or a conditional branch instruction is executed.

[lustration]

15 0
- PC is the start address of
PC . .
the next instruction of
a BR instruction.
+
15 8 7 6 0
o S
N J
jdisp8
15 0

PC

When S = 0, o indicates all bits "0".
When S = 1, a indicates all bits "1".
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5.3.2 Immediate addressing

[Function]

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

This function is carried out when the CALL !addr16 and BR !addr16 instructions are executed.
CALL laddr16 and BR !addr16 instructions can be used to branch to all the memory spaces.

[lllustration]
In case of CALL !addr16 and BR !addr16 instructions

CALL or BR

Low Addr.

High Addr. T
15 l 8 7 0

PC
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5.3.3 Table indirect addressing

[Function]
Table contents (branch destination address) of the particular location to be addressed by the immediate data of

an instruction code from bit 1 to bit 5 are transferred to the program counter (PC) and branched.
Table indirect addressing is carried out when the CALLT [addr5] instruction is executed. This instruction can be
used to branch to all the memory spaces according to the address stored in the memory table 40H to 7FH.

[Nustration]

7 6 5 10
Instruction code o 1 tas-o 0
15 8 7 6 5 l 10
Effective address 0O 0 0 0O 0O OO 0|0 1 0
7 Memory (table) 0
Lower addr.
Effective address + 1 Higher addr. T
15 l 8 7 0

PC

5.3.4 Register addressing

[Function]
Register pair (AX) contents to be specified with an instruction word are transferred to the program counter (PC)

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

[Nustration]

p A X

15 8 7 0

PC
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5.4 Operand Address Addressing

The following methods are available to specify the register and memory (addressing) which undergo manipulation

during instruction execution.

5.4.1 Direct addressing

[Function]

The memory indicated by immediate data in an instruction word is directly addressed.

[Operand format]

Identifier

Description

addr16 Label or 16-bit immediate data

[Description example]

MOV A, IFEOOH; When setting !addr16 to FEOOH

Instruction code |0 0 1 0 1 0 0 1| OP code
0 0 0 0 0 0 0 0| OOH
1 1 1 1 1 1 1 0| FEH
[llustration]
7 0
OP code
addr16 (lower)
addr16 (higher)
Memory
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5.4.2 Short direct addressing

[Function]
The memory to be manipulated in the fixed space is directly addressed with 8-bit data in an instruction word.
The fixed space where this addressing is applied to is the 256-byte space FE20H to FF1FH. An internal high-
speed RAM and special-function registers (SFR) are mapped at FE20H to FEFFH and FFOOH to FF1FH,
respectively.
The SFR area (FFOOH to FF1FH) where short direct addressing is applied is a part of the overall SFR area. In
this area, ports which are frequently accessed in a program and a compare register of the timer counter are
mapped, and these SFRs can be manipulated with a small number of bytes and clocks.
When 8-bit immediate data is at 20H to FFH, bit 8 of an effective address is set to 0. When it is at 00H to 1FH,
bit 8 is set to 1. See [lllustration] below.

[Operand format]
Identifier Description
saddr Label or FE20H to FF1FH immediate data
saddrp Label or FE20H to FF1FH immediate data (even address only)

[Description example]
MOV FE9OH, #50H; When setting saddr to FEQOH and the immediate data to 50H

Instruction code

-
-
-
-
o
-
o
-

OP code

1 0 0 1 0 0 0 0| 90H (saddr-offset)

0 1 0 1 0 0 0 0| 50H (immediate data)

[Mustration]

OP code

saddr-offset ﬁ

15 8 0

Short direct memory

Effective
address1111111°°

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

[Function]
The memory-mapped special-function registers (SFR) are addressed with 8-bit immediate data in an instruction
word.
This addressing is applied to the 256-byte space FFOOH to FFFFH. However, the SFRs mapped at FFOOH to
FF1FH can also be accessed with short direct addressing.

[Operand format]

Identifier Description

sfr Special-function register name

[Description example]
MOV PMO, A; When selecting PMO for sfr

-
-
-
o
o
-
-
-

Instruction code

[llustration]

OP code

sfr-offset

SFR
15 8 7 0

Effective
address
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5.4.4 Register addressing

[Function]
The general-purpose registers are accessed as operands. The general-purpose register to be accessed is
specified by the register specification code and functional name in the instruction code.
Register addressing is carried out when an instruction with the following operand format is executed. When an
8-bit register is specified, one of the eight registers is specified with 3 bits in the instruction code.

[Operand format]

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

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

[Description example]
MOV A, C; When selecting the C register for r

Instruction code |0 0 0 0 1 0 1 0

— Register specify code

INCW DE; When selecting the DE register pair for rp

Instruction code

-
o
o
o
—_
o
o
o

Register specify code
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5.4.5 Register indirect addressing

[Function]

The memory is addressed with the contents of the register pair specified as an operand. The register pair to be

accessed is specified with the register pair specify code in the instruction code. This addressing can be carried

out for all the memory spaces.

[Operand format]

Identifier

Description

- [DE], [HL]

[Description example]

MOV A, [DE]; When selecting register pair [DE]

Instruction code

[ustration]

15

DE D

The contents of addressed
memory are transferred

7
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Memory address specified
by register pair DE
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5.4.6 Based addressing

[Function]
8-bit immediate data is added to the contents of the base register, that is, the HL register pair, and the sum is
used to address the memory. Addition is performed by expanding the offset data as a positive number to 16
bits. A carry from the 16th bit is ignored. This addressing can be carried out for all the memory spaces.

[Operand format]

Identifier Description

- [HL+byte]

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

Instruction code |0 0 1 0 1 1 0 1

5.4.7 Stack addressing

[Function]
The stack area is indirectly addressed with the stack pointer (SP) contents.
This addressing method is automatically employed when the PUSH, POP, subroutine call, and RETURN
instructions are executed or the register is saved/reset upon generation of an interrupt request.
Stack addressing can be used to access the internal high-speed RAM area only.

[Description example]
In the case of PUSH DE

Instruction code

-
o
-
o
-
o
-
o
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CHAPTER 6 PORT FUNCTIONS

The 4PD789167, 789177, 789167Y, and 789177Y Subseries are provided with the ports shown in Figure 6-1.

These ports are used to enable several types of control. Table 6-1 lists the functions of each port.

These ports, while originally designed as digital I/O ports, have alternate functions, as summarized in 3.1 Pin
Function List (¢«PD789167 and 789177 Subseries) and 4.1 Pin Function List (#PD789167Y and 789177Y

Subseries).

Port 3

Port 5

Port 6

Figure 6-1. Port Types

P30

P33

P50

P53

P60

P67

P00

P05

P10
P11

P20

P26
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Port 0

} Port 1

Port 2

85



CHAPTER 6 PORT FUNCTIONS

Table 6-1. Port Functions

8-bit input-only port

Pin Name 1/0 Function After Reset Alternate Function
P00 to P05 /0 Port 0 Input -
6-bit I/O port
I/0O mode can be specified in 1-bit units.
When used as an input port, an on-chip pull-up resistor can
be specified by means of pull-up resistor option register 0
(PUO).
P10, P11 1/0 Port 1 Input -
2-bit 1/0 port
I/0O mode can be specified in 1-bit units.
When used as an input port, an on-chip pull-up resistor can
be specified by means of pull-up resistor option register 0
(PUO).
P20 /0 Port 2 Input SCK20/ASCK20
P21 7-bit I/O port SO20/TxD20
I/0O mode can be specified in 1-bit units.
p22 For P20 to P22, P25, and P26, an on-chip pull-up resistor SI120/RxD20
P23 can be specified by means of pull-up resistor option register SCLOM "
B2 (PUB2).
P24 ( ) . SDAONoIe
Only P23 and P24 can be used as N-ch open-drain I/O port
P25 pins_ TI80/SS20
P26 TO80
P30 /0 Port 3 Input INTPO/TI81/CPT90
P31 4-bit /0 port INTP1/TO81
I/0O mode can be specified in 1-bit units.
P32 An on-chip pull-up resistor can be specified by means of pull- INTP2/TO90
P33 up resistor option register B3 (PUB3). INTP3/TO82/BZ0O90
P50 to P53 /0 Port 5 Input -
4-bit N-ch open-drain I/O port
I/0O mode can be specified in 1-bit units.
For a mask ROM version, an on-chip pull-up resistor can be
specified by a mask option.
P60 to P67 Input Port 6 Input ANIO to ANI7

Note Forthe 4uPD789167Y and 789177Y Subseries only
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6.2 Port Configuration
Ports have the following hardware configuration.

Table 6-2. Configuration of Port

Parameter Configuration

Control registers Port mode registers (PMm: m = 0 to 3, 5)
Pull-up resistor option register 0 (PUO)
Pull-up resistor option registers B2, B3 (PUB2, PUB3)

Ports Total: 31 (CMOS 1/0: 17, CMOS input: 8, N-ch open-drain I/O: 6)

Pull-up resistors e Mask ROM versions

Total: 21 (software control: 17, mask option control: 4)
e Flash memory versions

Total: 17 (software control only)

6.2.1 Port0

This is a 6-bit I/0O port with output latches. Port 0 can be set to input or output mode in 1-bit units by using port
mode register 0 (PM0). When the P00 to P05 pins are used as input port pins, on-chip pull-up resistors can be

connected in 6-bit units by using pull-up resistor option register 0 (PUO).
RESET input sets port 0 to input mode.
Figure 6-2 shows a block diagram of port 0.

Figure 6-2. Block Diagram of P00 to P05

Voo
WRPpuo
M\
PUOO )Q | P-ch
RD
I 5 ° <] C
3]
) | Qo
5 o)
Qo n
g
S WReroRT
£
Output latch
(POO to P05) © Po0to P05
WRpm
PMOO to PMO05
N\

PUO: Pull-up resistor option register 0
PM:  Port mode register

RD:  Port O read signal

WR: Port 0 write signal
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6.2.2 Port 1

This is a 2-bit I/O port with output latches. Port 1 can be set to input or output mode in 1-bit units by using the port
mode register 1 (PM1). When the P10 and P11 pins are used as input port pins, on-chip pull-up resistors can be
connected in 2-bit units by using pull-up resistor option register 0 (PUO).

RESET input sets port 1 to input mode.
Figure 6-3 shows a block diagram of port 1.

Vopo

© P10, P11

Figure 6-3. Block Diagram of P10 and P11
WRepuo
M\
PUOT :}Q—l P-ch
RD
I 5 <] C
[&]
| 3
9 )
o
g WRpoRT
I3
IS
Output latch
(P10, P11)
WRprM
PM10, PM11
%

PUO: Pull-up resistor option register 0
PM:  Port mode register

RD: Port 1 read signal

WR: Port 1 write signal
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6.2.3 Port 2
This is a 7-bit /O port with output latches. Port 2 can be set to input or output mode in 1-bit units by using port

mode register 2 (PM2). For the P20 to P22, P25, and P26 pins, on-chip pull-up resistors can be connected in 1-bit

units by using pull-up resistor option register B2 (PUB2).
The port is also used as a data I/O and clock I/O to and from the serial interface, and as the timer I/O.

RESET input sets port 2 to input mode.
Figures 6-4 through 6-8 show block diagrams of port 2.

Caution When using the pins of port 2 as the serial interface, the I/O and output latches must be set
according to the function to be used. For details of the settings, see Table 14-2 Operating Mode

Settings of Serial Interface 20.

Figure 6-4. Block Diagram of P20

Vbbo
(1 WRerus2
PUB20 {>® H P-ch
Alternate
function
RD
I 2 :] :] |
[&]
| o
3 »
el
T WRPpoRT
c
2
C
= Output latch
(P20) O P20/ASCK20/
SCK20
WRem
PM20
Alternate
function
4

PUB2: Pull-up resistor option register B2
PM: Port mode register

RD: Port 2 read signal

WR: Port 2 write signal
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Figure 6-5. Block Diagram of P21

Selector

Vobo

P-ch

(A WRpus2
PUB21
RD
[2]
>
Qo
= WRpoRT
c
8
= Qutput latch
(P21)
WRem
PM21
Alternate
function
0 4
PUB2: Pull-up resistor option register B2
PM: Port mode register
RD: Port 2 read signal
WR: Port 2 write signal
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Figure 6-6. Block Diagram of P22 and P25
Vbbo
(N WRerus2
PUB22, PUB25 {>® H P-ch
Alternate
function
RD
1 5 o<]—®@]7
[&]
@ | 2
a %)
g
§ WRPporT
<
Oi‘j“zpz“‘ggh ©) P22/RxD20/SI20
(P22, P25) P25/TI80/SS20
WRpm
PM22, PM25
N\
PUB2: Pull-up resistor option register B2
PM: Port mode register
RD: Port 2 read signal
WR: Port 2 write signal
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92

Figure 6-7. Block Diagram of P23 and P24

Comparator
reference signal

Input switch signal

Selector

)

©

N\t
Alternate
functionNete
RD
[%2]
=}
Qo
©
g WRPoRT
= Output latch
(P23, P24)
WRpm
PM23, PM24
Alternate
functionNete
/
PM:  Port mode register
RD: Port 2 read signal
WR: Port 2 write signal
Note

P23/SCLON
P24/SDAQNt

This function is provided for the 4PD789167Y and 789177Y Subseries only. For the 4PD789167 and
789177 Subseries, P23 and P24 cannot be used as alternate-function pins.
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Figure 6-8. Block Diagram of P26

Vopo

N\ WRerugz

PUB26 {>® H P-ch
RD
| ol |—O<17I

S
[&]
<
[0
(]
1]
>3
Qo
= WRPoRT
£
i)
c
= Output latch A
(P26) 4)_/ ©) P26/TO80
WRpem
PM26
Alternate
function
%

PUB2: Pull-up resistor option register B2
PM: Port mode register

RD: Port 2 read signal

WR: Port 2 write signal
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6.2.4 Port3
This is a 4-bit 1/0 port with output latches. Port 3 can be set to input or output mode in 1-bit units by using port

mode register 3 (PM3). For the P30 to P33 pins, on-chip pull-up resistors can be connected in 1-bit units by using

pull-up resistor option register B3 (PUB3).
The port is also used as an external interrupt input, capture input, timer output, and buzzer output.

RESET input sets port 3 to input mode.
Figures 6-9 through 6-11 show block diagrams of port 3.

Figure 6-9. Block Diagram of P30

Vbbo
(A1 WRpuss
PUB30 {>® H P-ch
Alternate
function
RD
| 5 O<]—©@]7
(&)
. | 2
2 n
o
:0_3 WRPpoRrT
£
Outr;ug(;atch © P30/INTPO/
(P30) TI81/CPT90
WRem
PM30
Y

PUBS: Pull-up resistor option register B3
PM: Port mode register

RD: Port 3 read signal

WR: Port 3 write signal
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Figure 6-10. Block Diagram of P31 and P32
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Vbbo
N\ WReruss
PUB31, PUB32 {>® H P-ch
Alternate
function
RD
I g C<] C<] |
3
@ 9
3 | 8
T
£ WRPoRT
o
S
Qutput latch T
(P31, P32) ) > ©) P31/INTP1/TO81
P32/INTP2/TO90
WRpm
PM31, PM32
Alternate
A function
PUBS3: Pull-up resistor option register B3
PM: Port mode register
RD: Port 3 read signal
WR: Port 3 write signal
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Figure 6-11. Block Diagram of P33

Voo

N\ WReruss

PUB33 {>o I P-ch

Alternate
function

RD

Selector

WReProRT

Internal bus

Qutput latch
©) P33/INTP3/

s S
TO82/BZ090

WRpem

PM33

Alternate
function

Alternate
function

PUBS3: Pull-up resistor option register B3
PM: Port mode register

RD: Port 3 read signal

WR: Port 3 write signal
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6.2.5 Port5
This is a 4-bit N-ch open-drain I/O port with output latches. Port 5 can be set to input or output mode in 1-bit units

by using port mode register 5 (PM5). For a mask ROM version, whether a pull-up resistor is to be incorporated can
be specified by the mask option.

RESET input sets port 5 to input mode.

Figure 6-12 shows a block diagram of port 5.

Figure 6-12. Block Diagram of P50 to P53

iz Vs
~_
Mask option resistor
Mask ROM version only.
For flash memory version,
a pull-up resistor is not
= —C incorporated.
| S
[&]
| Q2
[0
n
© P50 to P53
@ WRporT
o]
©
£
Qo Output latch
IS (P50 to P53) D@—{ ~— N-ch
WRem 7T
PM50 to PM53
~

PM:  Port mode register
RD: Port 5 read signal
WR: Port 5 write signal

Caution When using port 5 of the xPD78F9177 and 78F9177Y as an input port, be sure to observe the
restrictions listed below.

e WhenVop=18t0o55V
Use within the range of Ta = 25 to 85°C
e When Ta = -40 to 85°C
Use within the range of Voo =2.7to 5.5V
e When Ta=-40 to 85°C and Vop =1.8t0 5.5V
Issue three consecutive read instructions when reading port 5.

If the above restrictions are not observed, the input value may be read incorrectly.

Note, however, that these restrictions do not apply when port 5 pins are used as output pins, or
when the product is other than the xPD78F9177 or 78F9177Y.
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6.2.6 Port 6
This is an 8-bit input port.
The port is also used as an analog input to the A/D converter.
Figure 6-13 shows a block diagram of port 6.

Figure 6-13. Block Diagram of P60 to P67

RD
~_
o0
2 1
E
g !
= + I © PBO/ANIO to P67/ANI7
A/D converter l
VREF
N
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6.3 Port Function Control Registers

The following two types of registers are used to control the ports.

* Port mode registers (PMO to PM3, and PM5)
* Pull-up resistor option registers (PUO, PUB2, and PUB3)

(1) Port mode registers (PMO0 to PM3, and PM5)

The port mode registers separately set each port bit to either input or output.

Each port mode register is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input writes FFH into the port mode registers.

When port pins are used for alternate functions, the corresponding port mode register and output latch must
be set or reset as described in Table 6-3.

Caution When port 3 is acting as an output port and its output level is changed, an interrupt
request flag is set, because this port is also used as the input for an external interrupt. To
use port 3 in output mode, therefore, the interrupt mask flag must be set to 1 in advance.

Figure 6-14. Format of Port Mode Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PMO | 1 ‘ 1 ‘ PMO05 ‘ PM04 ‘ PMO03 ‘ PM02 ‘ PMO1 ‘ PMO00 | FF20H FFH R/W
PM1 | 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ PM11 ‘ PM10 | FF21H FFH R/W
PM2 | 1 ‘ PM26 ‘ PM25 ‘ PM24 ‘ PM23 ‘ PM22 ‘ PM21 ‘ PM20 | FF22H FFH R/W
pas [ 1 | 1 [ 1 | 1 | pvss | pms2 | Pwat | Pmso | Frasu FFH RIW
PM5 | 1 ‘ 1 ‘ 1 ‘ 1 ‘ PM53 ‘ PM52 ‘ PM51 ‘ PM50 | FF25H FFH R/W

PMmn Pmn pin /0O mode selection
m=0:n=0to5,m=1:n=0,1
m=2:n=0to6,m=3:n=01t03
m=5:n=0t03

0 Output mode (output buffer on)
1 Input mode (output buffer off)
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Table 6-3. Port Mode Register and Output Latch Settings for Using Alternate Functions

Pin Name Alternate Function PMxx Pxx
Name I/0
P25 TI80 Input 1 X
P26 TO80 Output 0 0
P30 INTPO Input 1 X
Ti81 Input 1 X
CPT90 Input 1 X
P31 INTP1 Input 1 X
TO81 Output 0 0
P32 INTP2 Input 1 X
TO90 Output 0 0
P33 INTP3 Input 1 X
TO82 Output 0 0
BZ090 Output 0 0

Caution When using the pins of port 2 as the serial interface, the I/0 or output latch must be set
according to the function to be used. For details of the settings, see Table 14-2 Operating
Mode Settings of Serial Interface 20.

Remark x: don’t care
PMxx: Port mode register
Pxx: Port output latch

(2) Pull-up resistor option register 0 (PUO)

Pull-up resistor option register 0 (PUO) sets whether an on-chip pull-up resistor on each port is used. On the
port which is specified to use the on-chip pull-up resistor in PUO, the pull-up resistor can be internally used
only for the bits set to input mode. No on-chip pull-up resistors can be used for the bits set to output mode
regardless of the setting of PUO. On-chip pull-up resistors cannot be used even when the pins are used as
the alternate-function output pins.

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

RESET input clears PUO to 00H.

Figure 6-15. Format of Pull-up Resistor Option Register 0

Symbol 7 6 5 4 3 2 <1> <0> Address  After reset R/W
PUO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ PUO1 ‘ PUOO | FFF7H 00H R/W
PUOm Pm on-chip pull-up resistor selection (m =0, 1)
0 On-chip pull-up resistor not used
1 On-chip pull-up resistor used

Caution Bits 2 to 7 must all be set to 0.
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(3) Pull-up resistor option registers B2 and B3 (PUB2 and PUB3)
These registers specify whether an on-chip pull-up resistor is connected to each pin of ports 2 and 3. The
pin specified by PUB2 or PUBS3 is connected to on-chip pull-up resistor regardless of the setting of the port
mode register.
PUB2 and PUBS are set with a 1-bit or 8-bit manipulation instruction.
RESET input clears this register to 00H.

Figure 6-16. Format of Pull-up Resistor Option Register B2

Symbol 7 <6> <5> 4 3 <2> <1> <0> Address  After reset R/W
PuB2 [ o |PuB2s |PuB2s | o | o | Puse2 | puser | Pusao | FrazH 00H RW
PUB2n P2n on-chip pull-up resistor selection (n =0to 2, 5, 6)
0 On-chip pull-up resistor not used
1 On-chip pull-up resistor used

Caution Bits 3, 4, and 7 must all be set to 0.

Figure 6-17. Format of Pull-up Resistor Option Register B3

Symbol 7 6 5 4 <3> <2> <1> <0> Address  After reset R/W
PB3| o | o | o | o |PUB3 | PUB32 | PUB3T | PUB3D | FF33H OOH RIW
PUB3N P3n on-chip pull-up resistor selection (n = 0 to 3)
0 On-chip pull-up resistor not used
1 On-chip pull-up resistor used

Caution Bits 4 to 7 must all be set to 0.
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6.4 Operation of Port Functions

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

6.4.1 Writing to I/O port

M

()

In output mode

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

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

In input mode

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

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

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

6.4.2 Reading from I/O port

(1

()

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

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

6.4.3 Arithmetic operation of I/0 port

)

()
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In output mode

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

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

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

Caution A 1-bit memory manipulation instruction is executed to manipulate 1 bit of a port.
However, this instruction accesses the port in 8-bit units. When this instruction is
executed to manipulate a bit of a port consisting both of inputs and outputs, therefore, the
contents of the output latch of the pin that is set to input mode and not subject to
manipulation become undefined.
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CHAPTER 7 CLOCK GENERATOR

7.1 Clock Generator Functions

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

o Main system clock oscillator
<Expanded-specification products>
This circuit oscillates at 1.0 to 10.0 MHz. Oscillation can be stopped by executing the STOP instruction or
setting the processor clock control register (PCC).
<Conventional products>
This circuit oscillates at 1.0 to 5.0 MHz. Oscillation can be stopped by executing the STOP instruction or setting
the processor clock control register (PCC).

e Subsystem clock oscillator
This circuit oscillates at 32.768 kHz. Oscillation can be stopped by setting the suboscillation mode register
(SCKM).

7.2 Clock Generator Configuration
The clock generator consists of the following items of hardware.

Table 7-1. Configuration of Clock Generator

Item Configuration

Control registers Processor clock control register (PCC)
Suboscillation mode register (SCKM)
Subclock control register (CSS)

Oscillator Main system clock oscillator
Subsystem clock oscillator
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Figure 7-1. Block Diagram of Clock Generator

S Internal bus S

[

FRC | SCC | Suboscillation mode register
(SCKM)

XTie Subsystem fxt Watch timer
XT26 clock oscillator
Prescaler
1/2
Clock for
peripheral
fxr hardware
2
X Main system Prescaler 7
X2@ clock oscillator fx .
LS ] Standby Wait CPU clock
> o | .
2 $ controller controller (feru)
STOP McCC |Pcc1| | CLS |cSSo
Processor clock Subclock control
control register (PCC) register (CSS)

S Internal bus S
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7.3 Registers Controlling Clock Generator
The clock generator is controlled by the following registers.

e Processor clock control register (PCC)
e Suboscillation mode register (SCKM)
¢ Subclock control register (CSS)

(1) Processor clock control register (PCC)
PCC selects the CPU clock and the ratio of division.
PCC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PCC to 02H.

Figure 7-2. Format of Processor Clock Control Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
pcc|mcc | o | o | o | o | o | Pcct| o | Frren 02H RAW
MCC Control of main system clock oscillator operation
0 Operation enabled

1 Operation disabled

CSS0 PCC1 |CPU clock (fcru) selectionNote1 Minimum instruction execution time: 2/fcru
At fx = 10.0 MHzNote 2 At fx = 5.0 MHz or
or fxr = 32.768 kHz operation fxr = 32.768 kHz operation
0 0 fx 0.2 us 0.4 us
0 1 fx/22 0.8 us 1.6 us
1 0 fxr/2 122 us 122 us
1 1

Notes 1. The CPU clock is selected according to a combination of the PCC1 flag in the processor clock
control register (PCC) and the CSSO flag in the subclock control register (CSS). See 7.3 (3)
Subclock control register (CSS).

2. Expanded-specification products only.

Cautions 1. Bits 0 and 2 to 6 must all be set to 0.
2. MCC can be set only when the subsystem clock has been selected as the CPU clock.

Remarks 1. fx: Main system clock oscillation frequency
2. fxm:  Subsystem clock oscillation frequency
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(2) Suboscillation mode register (SCKM)
SCKM specifies whether to use a feedback resistor for the subsystem clock, and controls the oscillation of
the clock.
SCKM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears SCKM to 00H.

Figure 7-3. Format of Suboscillation Mode Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
sckm [ o | o | o | o | o | o | FRc | scc | FrFoH 00H RW
FRC Use of feedback resistorNote
0 On-chip feedback resistor used
1 On-chip feedback resistor not used
SCC Control of subsystem clock oscillator operation
0 Operation enabled
1 Operation disabled

Note The feedback resistor is necessary to adjust the bias point of the oscillation waveform to close to the
mid point of the supply voltage. Only when the subclock is not used, the power consumption in STOP
mode can be further reduced by setting FRC = 1.

Caution Bits 2 to 7 must all be set to 0.

106 User's Manual U14186EJ6VOUD



CHAPTER 7 CLOCK GENERATOR

(3) Subclock control register (CSS)

CSS specifies whether the main system or subsystem clock oscillator is to be used. It also specifies how the

CPU clock operates.
CSS is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSS to 00H.

Figure 7-4. Format of Subclock Control Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
css| o | o | cas [csso] o | o | o | o | Frren 00H RN
CLS CPU clock operation status
0 Operation based on the (divided) main system clock
1 Operation based on the subsystem clock
CSS0 Selection of main system or subsystem clock oscillator
0 (Divided) output from the main system clock oscillator
1 Output form the subsystem clock oscillator

Note Bit 5 is read-only.

Caution Bits 0to 3, 6, and 7 must all be set to 0.
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7.4 System Clock Oscillators

7.4.1 Main system clock oscillator

The main system clock oscillator is oscillated by the crystal or ceramic resonator (5.0 MHz TYP.) connected
across the X1 and X2 pins.

An external clock can also be input to the circuit. In this case, input the clock signal to the X1 pin, and input the
reversed signal to the X2 pin.

Figure 7-5 shows the external circuit of the main system clock oscillator.

Figure 7-5. External Circuit of Main System Clock Oscillator

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

Vsso External X1

ir»—l IT X1 clock
‘ —
FH e xe

Crystal
or
ceramic resonator

Caution When using the main system or subsystem clock oscillator, wire in the area enclosed by the
broken lines in Figures 7-5 and 7-6 as follows to avoid an adverse effect from wiring
capacitance.

o Keep the wiring length as short as possible.

¢ Do not cross the wiring with the other signal lines. Do not route the wiring near a signal line
through which a high fluctuating current flows.

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

¢ Do not fetch signals from the oscillator.
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7.4.2 Subsystem clock oscillator

The subsystem clock oscillator is oscillated by the crystal resonator (32.768 kHz TYP.) connected across the XT1

and XT2 pins.

An external clock can also be input to the circuit. In this case, input the clock signal to the XT1 pin, and input the

inverted signal to the XT2 pin.

Figure 7-6 shows the external circuit of the subsystem clock oscillator.

Figure 7-6. External Circuit of Subsystem Clock Oscillator

(a) Crystal oscillation

Vsso

: '—I I? XT1
1 32.768

A L e

] |—1W XT2

Crystal resonator

External
clock

(b) External clock

XT1

XT2

Caution = When using the main system or subsystem clock oscillator, wire in the area enclosed by the
broken lines in Figures 7-5 and 7-6 as follows to avoid an adverse effect from wiring

capacitance.

¢ Keep the wiring length as short as possible.
e Do not cross the wiring with the other signal lines. Do not route the wiring near a signal

line through which a high fluctuating current flows.
o Always make the ground point of the oscillator capacitor the same potential as Vsso. Do not

ground the capacitor to a ground pattern through which a high current flows.

¢ Do not fetch signals from the oscillator.

The subsystem clock oscillator is designed as low-amplitude circuit for reducing current
consumption. Particular care is therefore required with the wiring method when the

subsystem clock is used.
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7.4.3 Examples of incorrect oscillator connection
Figure 7-7 shows examples of incorrect oscillator connections.

Figure 7-7. Examples of Incorrect Oscillator Connection (1/2)

(a) Wiring too long (b) Crossed signal line
PORTn
(n=0t03, 5, 6)

Vsso X1 Vsso X1 X2

" n

/1N =

S

a a
(c) Wiring near high alternating current (d) Current flowing through ground line of oscillator

(potential at points A, B, and C fluctuates)
g Voo
Pmn
Vsso X1 X2
— Vsso

I:l X1 X2
High current P [l ﬁ

| N aile Lo
7 High current
77

Remark When using the subsystem clock, read X1 and X2 as XT1 and XT2, respectively, and connect a

resistor to the XT2 pin in series.
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Figure 7-7. Examples of Incorrect Oscillator Connection (2/2)

(e) Signals are fetched (f) Signal conductors of the main and subsystem
clocks are parallel and near to each other

Vsso X1 X2 Vaso

Il H]
T Ty ]

X1 XT1

E -

7T XT2 and X1 wiring in parallel

Remark When using the subsystem clock, read X1 and X2 as XT1 and XT2, respectively, and connect a
resistor to the XT2 pin in series.

Caution If the X1 wire is in parallel with the XT2 wire, crosstalk noise may occur between the X1 and
XT2, resulting in a malfunction.
To avoid this, do not lay the X1 and XT2 wires in parallel.

7.4.4 Scaler
The scaler divides the main system clock oscillator output (fx) and generates clocks.

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

XT1: Connect to Vsso or Vsst
XT2: Open

In this state, however, some current may leak via the internal feedback resistor of the subsystem clock oscillator
when the main system clock stops. To minimize the leakage current, the internal feedback resistor can be removed
by setting bit 1 (FRC) of the suboscillation mode register (SCKM). In this case, also connect the XT1 and XT2 pins
as described above.
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7.5 Clock Generator Operation

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

mode.

Main system clock  fx
Subsystem clock  fxt

CPU clock  fcpu

Clock to peripheral hardware

The operation of the clock generator is determined by the processor clock control register (PCC), suboscillation
mode register (SCKM), and subclock control register (CSS), as follows.

(a)

(b)

()

(d)

(e)

()
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The slow mode (0.8 us: at 10.0 MHz operation) of the main system clock is selected when the RESET signal
is generated (PCC = 02H). While a low level is input to the RESET pin, oscillation of the main system clock
is stopped.

Three types of minimum instruction execution time (0.2 us and 0.8 us: main system clock (at 10.0 MHz
operation), 122 us: subsystem clock (at 32.768 kHz operation)) can be selected by the PCC, SCKM, and
CSS settings.

Two standby modes, STOP and HALT, can be used with the main system clock selected. In a system
where no subsystem clock is used, setting bit 1 (FRC) of SCKM so that the built-in feedback resistor cannot
be used reduces current drain during STOP mode. In a system where a subsystem clock is used, setting
the SCKM bit 0 to 1 can cause the subsystem clock to stop oscillation.

CSS bit 4 (CSSO0) can be used to select the subsystem clock so that a low current operation operation is
used (122 us: at 32.768 kHz operation).

With the subsystem clock selected, it is possible to cause the main system clock to stop oscillating by using
bit 7 (MCC) of PCC. HALT mode can be used, but STOP mode cannot.

The clock for the peripheral hardware is generated by dividing the frequency of the main system clock. The
subsystem clock is supplied to 16-bit timer 90, 8-bit timer 82, and the watch timer only. So, even in standby
mode, 16-bit timer 90, 8-bit timer 82, and the watch function can continue operating. The other hardware
stops when the main system clock stops, because it operates based on the main system clock (except for an
external clock).
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7.6 Changing Setting of System Clock and CPU Clock

7.6.1 Time required for switching between system clock and CPU clock

The CPU clock can be selected by using bit 1 (PCC1) of the processor clock control register (PCC) and bit 4
(CSS0) of the subclock control register (CSS).

Actually, the specified clock is not selected immediately after the setting of PCC has been changed, and the old
clock is used for the duration of several instructions after that (see Table 7-2).

Table 7-2. Maximum Time Required for Switching CPU Clock

Set Value Before Switching Set Value After Switching
CSSo PCCA1 CSSo PCCA CSSo PCCA1 CSSo PCCA1
0 0 0 1 1 X
0 0 4 clocks 2fx/fxt clocks
(612 clocks)[306 clocks]
1 2 clocks fx/2fxt clocks
(152 clocks)[76 clocks]
1 X 2 clocks 2 clocks

Remarks 1. Two clocks are the minimum instruction execution time of the CPU clock before switching.
2. The values in paraentheses () apply to operation at fx = 10.0 MHz or fxt = 32.768 kHz.
The values in brackets [ ] apply to operation at fx = 5.0 MHz or fxT = 32.768 kHz.
3. x: don’t care
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7.6.2 Switching between system clock and CPU clock
The following figure illustrates how the CPU clock and system clock switch.

Interrupt request signal

<1>

<2>

<3>

<4>

114

Figure 7-8. Switching Between System Clock and CPU Clock

RESET I_I

e

System clock ‘ ‘ fx ‘ fx fxr fx

CPU clock ‘ ‘ ‘Slow ‘ Fast operation Subsystem clock Fast operation

’ operation operation
Wait (3.27 ms: at 10.0 MHz operaton, 6.55 ms: at 5.0 MHz operation)

Internal reset operation

The CPU is reset when the RESET pin is made low on power application. The effect of resetting is released
when the RESET pin is later made high, and the main system clock starts oscillating. At this time, the time
during which oscillation stabilizes (2'°/fx) is automatically secured.

After that, the CPU starts instruction execution at the slow speed of the main system clock (0.8 us: at
10.0 MHz operation).

After the time required for the Vop voltage to rise to the level at which the CPU can operate at the high
speed has elapsed, bit 1 (PCC1) of the processor clock control register (PCC) and bit 4 (CSSO0) of the
subclock control register (CSSO0) are rewritten so that the high speed operation can be selected.

When a drop of the Vop voltage is detected with an interrupt request signal, the clock is switched to the
subsystem clock. (At this moment, the subsystem clock must be in the oscillation stabilized status.)

When a recover of the Vop voltage is detected with an interrupt request signal, bit 7 (MCC) of PCC is set to
0 to make the main system clock start oscillating. After the time required for the oscillation to stabilize has
elapsed, PCC1 and CSSO0 are rewritten so that high-speed operation can be selected again.

Caution When the main system clock is stopped and the subsystem clock is operating, allow

sufficient time for the oscillation to stabilize by coding the program before switching again
from the subsystem clock to the main system clock.
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8.1 16-Bit Timer 90 Functions

16-bit timer 90 has the following functions.

e Timer interrupt

e Timer output

e Buzzer output

e Count value capture

(1) Timer interrupt
An interrupt is generated when a count value and compare value matches.

(2) Timer output
Timer output can be controlled when a count value and compare value matches.

(3) Buzzer output
Buzzer output can be controlled by software.

(4) Count value capture

The count value of 16-bit timer counter 90 (TM90) is latched into the capture register in synchronization with
the capture trigger and retained.
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8.2 16-Bit Timer 90 Configuration

16-bit timer 90 consists of the following hardware.

Table 8-1. Configuration of 16-Bit Timer 90

ltem

Configuration

Timer counter

16 bits x 1 (TM90)

Registers

Compare register: 16 bits x 1 (CR90)
Capture register: 16 bits x 1 (TCP90)

Timer outputs

1 (TO90)

Control registers

16-bit timer mode control register 90 (TMC90)
Buzzer output control register 90 (BZC90)
Port mode register 3 (PM3)
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Figure 8-1. Block Diagram of 16-Bit Timer 90
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(1

)

3

(4)
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16-bit compare register 90 (CR90)

The value specified in CR90 is compared with the count in 16-bit timer register 90 (TM90). If they match, an
interrupt request (INTTM90) is issued by CR90.

CR90 is set with an 8-bit or 16-bit memory manipulation instruction. Any value from 0000H to FFFFH can be

set.

RESET input sets CR90 to FFFFH.

Cautions 1.

CR90 is designed to be manipulated with a 16-bit memory manipulation instruction. It
can also be manipulated with 8-bit memory manipulation instructions, however. When
an 8-bit memory manipulation instruction is used to set CR90, it must be accessed
using direct addressing.

To re-set CR90 during a count operation, it is necessary to disable interrupts in
advance, using interrupt mask flag register 1 (MK1). It is also necessary to disable
inversion of the timer output data, using 16-bit timer mode control register 90 (TMC90).
If the value in CR90 is rewritten in the interrupt-enabled state, an interrupt request may
occur at the moment of rewrite.

16-bit timer counter 90 (TM90)

TM9O0 is used to count the number of pulses.

The contents of TM90 are read with an 8-bit or 16-bit memory manipulation instruction.
RESET input clears TM90 to 0000H.

Cautions 1.

The count becomes undefined when STOP mode is released, because the count
operation is performed during the oscillation stabilization time.

TM90 is designed to be manipulated with a 16-bit memory manipulation instruction. It
can also be manipulated with 8-bit memory manipulation instructions, however. When
an 8-bit memory instruction is used to manipulate TM90, it must be accessed using
direct addressing.

When an 8-bit memory manipulation instruction is used to manipulate TM90, the lower
and higher bytes must be read as a pair, in this order.

16-bit capture register 90 (TCP90)

TCP9O0 captures the contents of TM90.

It is set with an 8-bit or 16-bit memory manipulation instruction.
RESET input makes TCP90 undefined.

Caution TCP90 is designed to be manipulated with a 16-bit memory manipulation instruction. It
can also be manipulated with 8-bit memory manipulation instructions, however. When an
8-bit memory manipulation instruction is used to manipulate TCP90, it must be accessed
using direct addressing.

16-bit counter read buffer 90
This buffer is used to latch and hold the count for TM90.
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8.3 Registers Controlling 16-Bit Timer 90
The following three registers control 16-bit timer 90.

e 16-bit timer mode control register 90 (TMC90)
e Buzzer output control register 90 (BZC90)
¢ Port mode register 3 (PM3)

(1) 16-bit timer mode control register 90 (TMC90)
16-bit timer mode control register 90 (TMC90) controls the setting of the count clock, capture edge, etc.
TMC9O0 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears TMC90 to O0H.
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Figure 8-2. Format of 16-Bit Timer Mode Control Register 90

Symbol 7 <6> 5 4 3 2 1 <0> Address  After reset R/W
TMC90 |TOD90‘TOF90‘CPT901‘CPTQOO‘TOCQO‘TCLQN ‘TCLQOO‘TOEQO' FF48H 00H R/wNote 1

TOD90 Timer output data
0 | Timer output of O
1 Timer output of 1

TOF90 Overflow flag control
0 Reset or cleared by software
1 Set when the 16-bit timer overflows

CPT901/CPT900) Capture edge selection
0 0 | Capture operation disabled
0 1 Captured at the rising edge of the CPT90 pin
1 0 | Captured at the falling edge of the CPT90 pin
1 1 Captured at both the rising and falling edges of the CPT90 pin

TOC90| Timer output data inversion control
0 Inversion disabled
1 Inversion enabled

CL901[TCL900] 16-bit time counter 90 count clock (fcl) section
At fx = 10.0 MHzNote 2 At fx = 5.0 MHz or
or fxr = 32.768 kHz operation fxr = 32.768 kHz operation

0 0 fx/22 2.5 MHz 1.25 MHz
0 1 fx/28 156 kHz 78.1 kHz
1 0 fx/27 78.1 kHz 39.1 kHz
1 1 fxr 32.768 kHz

TOEQ0| 16-bit timer counter 90 output control
0 | Output disabled (port mode)
1 Output enabled

Notes 1. Bit 7 is read-only.
2. Expanded-specification products only.
Caution Disable interrupts in advance by using the interrupt mask flag register (MK1) to change the
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data of TCL901 and TCL900. Also, prevent the timer output data from being inverted by
setting TOC90 to 1.
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Remarks 1. fx: Main system clock oscillation frequency
2. fxt: Subsystem clock oscillation frequency

(2) Buzzer output control register 90 (BZC90)
This register selects the buzzer frequency based on fcl selected with the count clock select bits (TCL901 and
TCL900), and controls the output of a square wave.
BZC90 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears BZC90 to 00H.

Figure 8-3. Format of Buzzer Output Control Register 90

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W
Bzcoo | o | o | o | o |BCseo2 |BCS90t | BCS900 |BZOESO | FFASH  00H  RwNeer
BCS902 | BCS901 | BCS900 Buzzer frequency selection
0 0 0 fcl/24
0 0 1 fcl/2s
0 1 0 fcl/28
0 1 1 fel/2e
1 0 0 fcl/210
1 0 1 fel/211
1 1 0 fcl/212
1 1 1 fcl/218
BZOE90 Buzzer port output control
0 Disable buzzer port output.
1 Enable buzzer port output.Note 2

Notes 1. Bits 4 to 7 must all be set to 0.
2. When setting BZOE90 to 1, TOE82 must be set to 0. (See Figure 9-6 Format of 8-Bit Timer
Mode Control Register 82.)

Caution If the subclock is selected as the count clock (TCL901 = 1, TCL900 = 1: see Figure 8-2
Format of 16-Bit Timer Mode Control Register 90), the subclock is not synchronized when
buzzer port output is enabled. In this case, the capture function and TM90 read function
are disabled. In addition, the count value of TM90 is undefined.
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Table 8-2. Buzzer Frequency of 16-Bit Timer 90

BCS902 BCS901 BCS900 Buzzer Frequency
At fx = 10.0 MHZ""* operation At fx = 5.0 MHz operation At fxr =
32.768 kHz
operation
fol=f/2® | fol=/2° | fcl=2" | fcl=/2® | fcl=2° | fcl=fx2 fel = fxr
0 0 0 156 kHz 9.76 kHz 4.88 kHz 78.1 kHz 4.88 kHz 2.44 kHz 2.05 kHz
0 0 1 78.1 kHz 4.88 kHz 2.44 kHz 39.1 kHz 2.44 kHz 1.22 kHz 1.02 kHz
0 1 0 9.76 kHz 610 Hz 305 Hz 4.88 kHz 305 Hz 152 Hz 128 Hz
0 1 1 4.88 kHz 305 Hz 152 Hz 2.44 kHz 152 Hz 76 Hz 64 Hz
1 0 0 2.44 kHz 152 Hz 76 Hz 1.22 kHz 76 Hz 38 Hz 32 Hz
1 0 1 1.22 kHz 76 Hz 38 Hz 610 Hz 38 Hz 19 Hz 16 Hz
1 1 0 610 Hz 38 Hz 19 Hz 305 Hz 19 Hz 10 Hz 8 Hz
1 1 1 305 Hz 19 Hz 10 Hz 153 Hz 10 Hz 5Hz 4 Hz

Note Expanded-specification products only.

Remarks 1. fx: Main system clock oscillation frequency
2. fxt: Subsystem clock oscillation frequency

(3) Port mode register 3 (PM3)
PMS3 is used to set each bit of port 3 to input or output.
When the P32/INTP2/TO90 pin is used for timer output, reset the output latch of P32 and PM32 to 0; when
the P33/INTP3/TO82/BZ090 pin is used for buzzer output,*™ reset the output latch of P33 and PM33 to 0.
PMB3 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM3 to FFH.

Note Never output the TO82 and BZO90 signals at the same time.

Figure 8-4. Format of Port Mode Register 3

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W
PM3 | 1 1 1 1 ‘ PM33 ‘ PM32 ‘ PM31 ‘ PM30 | FF23H FFH R/W
PM3n P3n pin I/O mode (n =2 or 3)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

122 User's Manual U14186EJ6VOUD



CHAPTER 8 16-BIT TIMER 90

8.4 Operation of 16-Bit Timer 90

8.4.1 Operation as timer interrupt

16-bit timer 90 can generate interrupts repeatedly each time the free-running counter value reaches the value set
to CR90. Since this counter is not cleared and holds the count even after an interrupt is generated, the interval time
is equal to one cycle of the count clock set in TCL901 and TCL900.

To operate 16-bit timer 90 as a timer interrupt, the following settings are required.

¢ Set count values in CR90

e Set 16-bit timer mode control register 90 (TMC90) as shown in Figure 8-5.

Figure 8-5. Settings of 16-Bit Timer Mode Control Register 90 for Timer Interrupt Operation

TOD90 TOF90 CPT901 CPT900 TOC90 TCL901 TCL900 TOE9D

TMCQOl - \0/1\0/1\0/1\0/1\ 0 \0/1\0/1|

Setting of count clock (see Table 8-3)

Caution If both the CPT901 and CPT900 flags are set to 0, the capture edge is disabled.

When the count value of 16-bit timer counter 90 (TM90) matches the value set in CR90, counting of TM90
continues and an interrupt request signal (INTTM9O0) is generated.
Table 8-3 shows interval time, and Figure 8-6 shows timing of the timer interrupt operation.

Caution When rewriting the value in CR90 during a count operation, be sure to execute the following
processing.
<1> Set interrupts to disabled (set TMMK?90 (bit 4 of interrupt mask flag register 1 (MK1)) to 1).
<2> Disable inversion control of timer output data (set TOC90 to 0)
If the value in CR90 is rewritten in the interrupt-enabled state, an interrupt request may occur at
the moment of rewrite.
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Table 8-3. Interval Time of 16-Bit Timer 90

TCL901 TCL900 Count Clock Interval Time

At fx = 10.0 MHZ"" |At fx = 5.0 MHz or At fx = 10.0 MHZ"" |At fx = 5.0 MHz or
or fxr = 32.768 kHz |fxr = 32.768 kHz or fxr = 32.768 kHz |fxr = 32.768 kHz
operation operation operation operation

0 0 2%/fx 0.4 us 0.8 us 2°%fx | 26.2ms 52.4 ms

0 1 2°/fx 6.4 us 12.8 us 2%/fx | 419 ms 839 ms

1 0 27fix 12.8 us 25.6 us 2%/fix | 839 ms 1.68s

1 1 1/fxt 30.5 us 2%xr | 20s

Note Expanded-specification products only

Remarks 1. fx: Main system clock oscillation frequency
2. fxt: Subsystem clock oscillation frequency

Figure 8-6. Timing of Timer Interrupt Operation

CountclockIl'llll'llllllllllmm
TMS0 count value _0000H X0001H) .-D(FFFFHXOOOOHXOOMH)Q.-.D(:X

CR90 N [l N [l N [l N [ N
INTTMgo E )) | | t\ E )) | | E\
: W [ A ( : 9 [ A (
E : Interrupt acknowledged : Interrupt acknowledged
' ' )) )) !
H 1( (s
TO90 i i
: i l : I—!  —
H ' H ) . ))
TOFo0 " — . L
H \( T 1€ '

A
Overflow flag set

Remark N =0000H to FFFFH
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8.4.2 Operation as timer output

16-bit timer 90 can invert the timer output repeatedly each time the free-running counter value reaches the value
set to CR90. Since this counter is not cleared and holds the count even after the timer output is inverted, the interval
time is equal to one cycle of the count clock set in TCL901 and TCL900.

To operate the 16-bit timer as a timer output, the following settings are required.

e Set P32 to output mode (PM32 = 0).

¢ Reset the output latch of P32 to 0.

¢ Set the count value in CR90.

e Set 16-bit timer mode control register 90 (TMC90) as shown in Figure 8-7.

Figure 8-7. Settings of 16-Bit Timer Mode Control Register 90 for Timer Output Operation

TOD90 TOF90 CPT901 CPT900 TOCSO TCLIO! TCLIOO TOEQO
TMCQOl - \0/1‘0/1\0/1\ 1 \ 0 \0/1\ 1 |

\— TO90 output enable
Setting of count clock (see Table 8-3)
Inverse enable of timer output data

Caution If both the CPT901 flag and CPT900 flag are set to 0, the capture edge is disabled.

When the count value of 16-bit timer counter 90 (TM90) matches the value set in CR90, the output status of the
TO90/P32/INTP2 pin is inverted. This enables timer output. At that time, the TM90 count is continued and an
interrupt request signal (INTTM90) is generated.

Figure 8-8 shows the timing of timer output (see Table 8-3 for the interval time of the 16-bit timer).

Figure 8-8. Timer Output Timing

CountclockIl'llllll'llllllllmm
TM90 count value _0000H X0001H) .-D(FFFFHXOOOOHXOOmH)CZ.-.D(:X

A
Overflow flag set

CR90 N [l N [l N [ N | N

INTTM9O " | | | : ) | | 0
: (( : A ( - o : A (
E : Interrupt acknowledged : Interrupt acknowledged
! [ )) )) .

TOgONe | " : ) | l
: it l : e
: : ' L —

Note The TO90 initial value becomes low level during output enable (TOE90 = 1).

Remark N =0000H to FFFFH
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8.4.3 Capture operation

The capture operation consists of latching the count value of 16-bit timer register 90 (TM90) into a capture register
in synchronization with a capture trigger, and retaining the count value.

Set TMC90 as shown in Figure 8-9 to allow the 16-bit timer to start the capture operation.

Figure 8-9. Settings of 16-Bit Timer Mode Control Register 90 for Capture Operation

TOD0 TOF90 CPT901 CPT900 TOCSO TCLIOT TCLIOO TOESO
TM090| - \0/1 \0/1 \0/1\0/1\ 0 \0/1\0/1|

Count clock selection
Capture edge selection (see Table 8-4)

16-bit capture register 90 (TCP90) starts a capture operation after a CPT90 capture trigger edge is detected, and
latches and retains the count value of 16-bit timer register 90. TCP90 fetches the count value within 2 clocks and
retains the count value until the next capture edge detection.

Table 8-4 and Figure 8-10 shows the settings of the capture edge and capture operation timing, respectively.

Table 8-4. Settings of Capture Edge

CPT901 CPT900 Capture Edge Selection
0 0 Capture operation prohibited
0 1 CPT90 pin rising edge
1 0 CPT90 pin falling edge
1 1 CPT90 pin both edges

Caution Because TCP90 is rewritten when a capture trigger edge is detected during TCP90 read, disable
capture trigger edge detection during TCP90 read.

Figure 8-10. Capture Operation Timing (Both Edges of CPT90 Pin Are Specified)

Countclock | || [ LNJ | | | 1 | LNJ | | 1 [
)) 1 ) 1
™90 _ X(0000H X 0001H X)) Y N X :::X M-1X M X
( T 1 T
)) L )) L
Count read buffer __X_0000H X 0001H X__. X N N X ™ X
1( ; 1( ;
)) L )) L
TCP90 Undefined ), X N X M
0 A 0 A
Capture start N Capture start
CPT90 ) [ N [
148 A A
Capture edge detection Capture edge detection
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8.4.4 16-bit timer counter 90 readout

The count value of 16-bit timer counter 90 (TM90) is read out with a 16-bit manipulation instruction.

TM90 readout is performed via a counter read buffer. The counter read buffer latches the TM90 count value. The
buffer operation is held pending at the CPU clock falling edge after the read signal of the TM90 lower byte rises and
the count value is retained. The counter read buffer value in the retention state can be read out as the count value.

Cancellation of pending is performed at the CPU clock falling edge after the read signal of the TM90 higher byte
falls.

RESET input clears TM90 to 0000H and TM90 starts freerunning.

Figure 8-11 shows the timing of 16-bit timer counter 90 readout.

Cautions 1. The count value after releasing the stop mode becomes undefined because the count

operation is executed during the oscillation stabilization time.

2. Though TM90 is designed for a 16-bit transfer instruction, 8-bit transfer instruction can also
be used.
When using the 8-bit transfer instruction, execute it using direct addressing.

3. When using the 8-bit transfer instruction, execute in the order from lower byte to higher
byte in pairs. If only the lower byte is read, the pending state of the counter read buffer is
not canceled, and if only the higher byte is read, an undefined count value is read.

Figure 8-11. 16-Bit Timer Counter 90 Readout Timing

CPU clock | | | | | | | | | | | | | | I I | | | | | I | | | | | |
Count clock J | | | | | | : | | | w |—NJ |_
oo X oooor X oootH X X N X N+t X

Count read buffer __X_0000H X_0001H X X N X

TM9O0 read signal | ‘ } | l

I
' Read signal latch !
prohibited period

Remark N = 0000H to FFFFH
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8.4.5 Buzzer output operation
The buzzer frequency is set using buzzer output control register 90 (BZC90) based on the count clock selected
with TCL901 and TCL900 of TMC90 (source clock). A square wave of the set buzzer frequency is output.
Table 8-5 shows the buzzer frequency.
Set the 16-bit timer as follows to use it for buzzer output.
Set P33 to output mode (PM33 = 0).
Reset output latch of P33 to 0.
Set a count clock by using TCL901 and TCL900.
Set BZC90 as shown in Figure 8-12.
Clear TOEB82 of 8-bit timer mode control register 82 (TMCB82) to 0 to disable the output of 8-bit timer 82.

Figure 8-12. Settings of Buzzer Output Control Register 90 for Buzzer Output Operation

BCS902 BOS901 BCS900 BZOE90
BZCQOl 0 \ 0 \ 0 \ 0 \0/1\0/1\0/1\ 1 |

Enables buzzer output
Setting of buzzer frequency (see Table 8-5)

Table 8-5. Buzzer Frequency of 16-Bit Timer 90

BCS902 BCS901 BCS900 Buzzer Frequency
At fx = 10.0 MHZ"" operation At fx = 5.0 MHz operation At fxr =
32.768 kHz
operation
fol=f/22 | fol=/2° | fcl=f/2" | fcl=/2® | fcl=/2° | fcl=fx2 fel = fxr
0 0 0 156 kHz 9.76 kHz | 4.88kHz | 78.1kHz | 4.88kHz | 2.44kHz | 2.05kHz
0 0 1 781kHz | 488kHz | 244kHz | 39.1kHz | 2.44 kHz 1.22 kHz 1.02 kHz
0 1 0 9.76 kHz | 610 Hz 305 Hz 4.88kHz | 305Hz 152 Hz 128 Hz
0 1 1 488 kHz | 305Hz 152 Hz 2.44 kHz 152 Hz 76 Hz 64 Hz
1 0 0 244 kHz | 152 Hz 76 Hz 1.22kHz | 76 Hz 38 Hz 32 Hz
1 0 1 1.22kHz | 76 Hz 38 Hz 610 Hz 38 Hz 19 Hz 16 Hz
1 1 0 610 Hz 38 Hz 19 Hz 305 Hz 19 Hz 10 Hz 8 Hz
1 1 1 305 Hz 19 Hz 10 Hz 153 Hz 10 Hz 5Hz 4 Hz

Note Expanded-specification products only

Remarks 1. fx: Main system clock oscillation frequency
2. fxm:  Subsystem clock oscillation frequency
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8.5 Notes on 16-Bit Timer 90

8.5.1 Notes on using 16-bit timer 90

Usable functions differ according to the settings of the count clock selection, CPU clock operation, system clock
oscillation status, and BZOE90 (bit O of buzzer output control register 90 (BZC90)).

Refer to the following table.

Count |CPU Clock| System Clock BZOE90 | Capture [TM90 Read| Buzzer Timer Timer
Clock Main System Clock| Subsystem Clock Output Output Interrupt
fx/2%, Main Oscillating Oscillating/Stopped| ~ 1/0 v et Note 2 v S
];);//2267’ Stopped X X X X X
Sub Oscillating Oscillating \/ X Note 2 \/ N
Stopped X X X X X
fxr Main Oscillating Oscillating 0 v v x v S
1 X X Y N J
Stopped 1/0 X X X X X
Stopped Oscillating 0 X X X X X
(STOP mode) 1 « N N N N
Stopped 1/0 X X X X X
Sub Oscillating Oscillating 0 \/ v X \/ S
1 X X \ v \
Stopped 0 X X X X X
1 X X Y N J

Notes 1. TM90 is enabled only when the CPU clock is in high-speed mode.
2. Output is enabled when BZOE90 = 1.

Cautions 1.

The capture function uses fx/2 for control (refer to Figure 8-1 Block Diagram of 16-Bit Timer
90). Therefore, the capture function cannot be used when the main system clock is
stopped.

The read function of TM90 uses the CPU clock for control (refer to Figure 8-1), and reads an
undefined value when the CPU clock is slower than the count clock (values are not
guaranteed). When reading TM90, set the count clock to the same speed as the CPU clock
(when the CPU clock is the main system clock, high-speed mode is set), or select a clock
slower than the CPU clock.

When the subsystem clock is selected as the count clock and BZOE90 is set to 0, the
subsystem clock selected as the TM90 count clock is one that has been synchronized with
the main system clock (refer to Figure 8-1). Therefore, when the main system clock
oscillation is stopped, the timer operation is stopped because the clock supplied to 16-bit
timer 90 is stopped (timer interrupt is not generated).

Moreover, when the subsystem clock is selected as the count clock and BZOE90 is set to 1,
the capture and TM90 read values are not guaranteed because the subsystem clock is not
synchronized. Therefore, be sure to set BZOE90 to 0 when using the capture and TM90 read
functions (when the subsystem clock is selected as the count clock, buzzer output, and the
capture and TM90 read functions cannot be used at the same time).
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Make the following settings to enable low-current consumption when stopping the main system clock oscillation
and releasing the HALT mode.

Count clock: Subsystem clock

CPU clock: Subsystem clock

Main system clock: Oscillation stopped
BZOE90: 1 (Buzzer output enable)

At this time, when the setting of P33, the buzzer output alternate function pin, is “PM33 = 0, P33 = 0”, a square
wave of the buzzer frequency is output from P33. When making the above settings, perform either of the following.

e Set P33 to input mode (PM33 = 1)

e If P33 cannot be set input mode, set the port latch value of P33 to 1 (P33 = 1) (in this case a high level is
output from P33)
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8.5.2 Restrictions on rewriting of 16-bit compare register 90

(1) When rewriting the compare register (CR90), be sure to disable interrupts (TMMK90 = 1), and disable
inversion control of timer output (TOC90 = 0) first.
If CR9O0 is rewritten with interrupts enabled, an interrupt request may be generated at the moment of rewrite.

(2) The interval time may be double the intended time depending on to the timing at which the compare register

(CR90) is rewritten. Likewise, the timer output waveform may be shorter or double the intended output.

To avoid this, rewrite using one of the following procedures.

<Preventing method A> Rewriting by 8-bit access
<1> Disable interrupts (TMMK90 = 1), and disable inversion control of timer output (TOC90 = 0)
<2> Rewrite the higher byte of CR90 (16 bits) first
<3> Next, rewrite the lower byte of CR90 (16 bits)
<4> Clear the interrupt request flag (TMIF90)

<5> After more than half the cycle of the count clock has passed from the start of the interrupt, enable timer

interrupt and timer output inversion

<Program example A> (When count clock = 64/fX, CPU clock = fx)

TM90_VCT: SET1
CLR1
MOV
MOV
MOV
MOV
CLR1
CLR1
SET1

TMMKOQO;
TMC90.3;
A, #xxH;
I0FF17H,A;
A, #yyH;
I0FF16H,A;
TMIF90;
TMMKO9O0;
TMC90.3;

Timer interrupt disable (6 clocks)

Timer output inversion disable (6 clocks)
Higher byte rewrite value setting (6 clocks)
CR90 higher byte rewriting (8 clocks)
Lower byte rewrite value setting (6 clocks)
CR90 lower byte rewriting (8 clocks)
Interrupt request flag clearing (6 clocks)
Timer interrupt enable (6 clocks)

Timer output inversion enable

J

More than 32 clocks in

Note

total

Note This is because the INTTM90 signal is set to the high level for a period of half the cycle of the count clock
after an interrupt is generated, so the output will be inverted if TOC90 is set to 1 during this period.
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<Preventing method B> Rewriting by 16-bit access

<1> Disable interrupt (TMMK90 = 1), and disable inversion control of timer output (TOC90 = 0)
<2> Rewrite CR90 (16 bits)

<3> Wait for more than one cycle of the count clock

<4> Clear the interrupt request flag (TMIF90)

<5> Enable timer interrupt and timer output inversion

<Program example B> (When count clock = 64/fx, CPU clock = x)
TM9O0_VCT: SET1  TMMK9O; Timer interrupt disable
CLR1 TMC90.3; Timer output inversion disable
MOVW AX, #xxyyH; CR90 rewrite value setting
MOVW CR90, AX;  CR90 rewriting

NOP
NOP
. NOP 32 (Wait for 64/fx)"*®
NOP
NOP
CLR1  TMIF90; Interrupt request flag clearing

CLR1 TMMKOO0; Timer interrupt enable
SET1  TMC90.3; Timer output inversion enable

Note Wait for more than one cycle of the count clock after the CR90 rewriting instruction (MOVW CR90, AX)
before clearing the interrupt request flag (TMIF90).
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9.1 Functions of 8-Bit Timer/Event Counters 80 to 82

8-bit timer/event counters 80 and 81 and 8-bit timer 82 have the following functions.

e Interval timer (TM80, TM81, TM82)
e External event counter (TM80, TM81 only)
e Square wave output (TM80, TM81, TM82)
e PWM output (TM80, TM81, TM82)

(1) 8-bit interval timer

When an 8-bit timer/event counter is used as an interval timer, it generates an interrupt at any time interval

set in advance.

Table 9-1. Interval Time of 8-Bit Timer/Event Counter 80

Minimum Interval Time

Maximum Interval Time Resolution

1/fx (100 ns) [200 ns]

2%/ix (25.6 us) [51.2 us] 1/fx (100 ns) [200 ns]

2%/fx (0.8 us) [1.6 us]

2"'/fx (204.8 us) [409.6 us] 2°/ix (0.8 us) [1.6 us]

Remarks 1.
2.

fx: Main system clock oscillation frequency

The values in parentheses ( ) apply to operation at fx =
specification products only).

The values in brackets [ ] apply to operation at fx = 5.0 MHz.

10.0 MHz (expanded-

Table 9-2. Interval Time of 8-Bit Timer/Event Counter 81

Minimum Interval Time

Maximum Interval Time

Resolution

2'/fx (1.6 us) (3.2 us)

2"/ix (409.6 us) [819.2 yis]

2'/fx (1.6 us) [3.2 us]

2°/fx (25.6 us) (51.2 us)

2'%/fx (6.55 ms) [13.1 ms]

2°/tx (25.6 us) [51.2 us]

Remarks 1.

2. The values in parentheses ( ) apply to operation at fx =

fx: Main system clock oscillation frequency

specification products only).
3. The values in brackets [ ] apply to operation at fx = 5.0 MHz.

Table 9-3. Interval Time of 8-Bit Timer 82

Minimum Interval Time

Maximum Interval Time

Resolution

2%/ix (3.2 us) [6.4 us)

2"%/fx (0.82 ms) [1.64 ms]

2%/ix (3.2 us) [6.4 us)

2fix (12.8 us) [25.6 us]

2"%/fx (3.27 ms) [6.55 ms]

2fix (12.8 us) [25.6 us]

1/fxt (30.5 us) [30.5 us]

2%/fxt (7.81 ms) [7.81 ms]

1/fxt (30.5 us) [30.5 us]

Remarks 1. fx:

10.0 MHz (expanded-

2.
3.

Main system clock oscillation frequency

fxt:  Subsystem clock oscillation frequency

The values in parentheses ( ) apply to operation at fx = 10.0 MHz or fxt = 32.768 kHz
(expanded-specification products only).

The values in brackets [ ] apply to operation at fx = 5.0 MHz or fxt = 32.768 kHz.
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(2) External event counter
The number of pulses of an externally input signal can be counted.

(3) Sdquare wave output
A square wave of arbitrary frequency can be output.

Table 9-4. Square Wave Output Range of 8-Bit Timer/Event Counter 80

Minimum Pulse Width Maximum Pulse Width Resolution

1/fx (100 ns) [200 ns] 2%/ix (25.6 us) [51.2 us] 1/ix (100 ns) [200 ns]

2°/fx (0.8 us) [1.6 us] 2"'/ix (204.8 us) [409.6 us] 2%/fx (0.8 us) [1.6 us]

Remarks 1. fx: Main system clock oscillation frequency
2. The values in parentheses ( ) apply to operation at fx = 10.0 MHz. (expanded-
specification products only)
3. The values in brackets [ ] apply to operation at fx = 5.0 MHz.

Table 9-5. Square Wave Output Range of 8-Bit Timer/Event Counter 81

Minimum Pulse Width Maximum Pulse Width Resolution

2'/ix (1.6 us) [3.2 ys] 2"/fx (409.6 ys) [819.2 us] 2'/ix (1.6 us) [3.2 ys]

2°/fx (25.6 us) [51.2 us] 2'%/fx (6.55 ms) [13.1 ms] 2°/fx (25.6 us) [51.2 us]

Remarks 1. fx: Main system clock oscillation frequency
2. The values in parentheses ( ) apply to operation at fx = 10.0 MHz. (expanded-
specification products only)
3. The values in brackets [ ] apply to operation at fx = 5.0 MHz.

Table 9-6. Square Wave Output Range of 8-Bit Timer 82

Minimum Pulse Width Maximum Pulse Width Resolution

2°/fx (3.2 us) [6.4 us]

2"/ix (819 us) [1.64 ms]

2°/fx (3.2 us) [6.4 us]

2'/ix (12.8 us) [25.6 us]

2"/fx (8.27 ms) [6.55 ms]

2'/ix (12.8 us) [25.6 us]

1/fxt (30.5 1s) [30.5 us]

2%/fxt (7.81 ms) [7.81 mg]

1/fxt (30.5 us) [30.5 us]

Remarks 1. fx:
2. fxt: Subsystem clock oscillation frequency
3. The values in parentheses () apply to operation at fx = 10.0 MHz or fxt = 32.768 kHz.
(expanded-specification products only)
4. The values in brackets [ ] apply to operation at fx = 5.0 MHz or fxT = 32.768 kHz.

Main system clock oscillation frequency

(4) PWM output
8-bit resolution PWM output can be produced.
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9.2 Configuration of 8-Bit Timer/Event Counters 80 to 82

8-bit timer/event counters 80 to 82 consist of the following hardware.

Table 9-7. Configuration of 8-Bit Timer/Event Counters 80 to 82

ltem

Configuration

Timer counter

8 bits x 3 (TM80 to TM82)

Register

Compare register: 8 bits x 3 (CR80 to CR82)

Timer outputs

3 (TO80 to TO82)

Control registers

8-bit timer mode control register 80 to 82 (TMC80 to TMC82)
Port mode register 2, 3 (PM2, PM3)
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Figure 9-1. Block Diagram of 8-Bit Timer/Event Counter 80

Internal bus

8-bit compare
register 80 (CR80)

U Match
INTTM80
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Figure 9-2. Block Diagram of 8-Bit Timer/Event Counter 81
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Figure 9-3. Block Diagram of 8-Bit Timer 82
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Note See Figure 8-1 Block Diagram of 16-Bit Time 90.

Q)

(2

8-bit compare register 8n (CR8n)

A value specified in CR8n is compared with the count in 8-bit timer counter 8n (TM8n). If they match, an

interrupt request (INTTM8n) is issued.

CR8n is set with an 8-bit memory manipulation instruction. Any value from 00H to FFH can be set.

RESET input makes CR8n undefined.

Cautions 1. Before rewriting CR8n, stop the timer operation

once. If CR8n is rewritten in the timer

operation-enabled state, a match interrupt request signal may occur at the moment of

rewrite.

2. Do not clear CR8n to 00H in PWM output mode (when PWMES8n = 1: bit 6 of 8-bit timer

mode control register 8n (TMC8n)); otherwise
normally.

Remark n=0to2

8-bit timer counter 8n (TM8n)
TM8n is used to count the number of pulses.

, PWM output may not be produced

Its contents are read with an 8-bit memory manipulation instruction.

RESET input clears TM8n to 00H.

Remark n=0to2
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CHAPTER 9 8-BIT TIMER/EVENT COUNTERS 80 TO 82

9.3 8-Bit Timer/Event Counters 80 to 82 Control Registers

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

* 8-bit timer mode control registers 80, 81, and 82 (TMC80, TMC81, and TMC82)
* Port mode registers 2 and 3 (PM2 and PM3)

(1) 8-bit timer mode control register 80 (TMC80)
TMC80 determines whether to enable or disable 8-bit timer counter 80 (TM80), specifies the count clock for
TM80, and controls the operation of the output controller of 8-bit timer/event counter 80.
TMC8O0 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears TMC80 to 00H.

Figure 9-4. Format of 8-Bit Timer Mode Control Register 80

Symbol  <7> <6> 5 4 3 2 1 <0> Address  Afterreset R/W
TMC80 | TCE80 ‘ PWMES80 ‘ 0 ‘ 0 ‘ 0 ‘ TCL801 ‘ TCL800 ‘ TOES80 | FF53H 00H R/W
TCES80 TM80 operation control
0 Operation disabled (TM80 is cleared to 00H)
1 Operation enabled
PWMES80 PWM output selection
0 Timer counter operation mode
1 PWM output operation mode
TCL801 | TCL800 8-bit timer counter 80 count clock selection
At fx = 10.0 MHzNete operation At fx = 5.0 MHz operation
0 0 fx 10.0 MHz 5.0 MHz
0 1 fx/28 1.25 MHz 625 kHz
1 0 Rising edge of TI80
1 1 Falling edge of TI80
TOES80 8-bit timer/event counter 80 output control
0 Output disabled (port mode)
1 Output enabled

138

Note Expanded-specification products only.

Cautions 1. Always stop the timer before setting TMC80.

2. For PWM mode operation, the interrupt mask flag (TMMK80) must be set.

Remarks fx: Main system clock oscillation frequency
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(2) 8-bit timer mode control register 81 (TMC81)

TMC81 determines whether to enable or disable 8-bit timer counter 81 (TM81), specifies the count clock for

TM81, and controls the operation of the output controller of 8-bit timer/event counter 81.
TMCS81 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears TMC81 to O0H.

Figure 9-5. Format of 8-Bit Timer Mode Control Register 81

Symbol  <7> <6> 5 4 3 2 1 <0> Address  Afterreset R/W
TMC81 | TCES81 ‘ PWMES81 ‘ 0 0 0 ‘ TCL811 ‘ TCL810 ‘ TOES81 | FF57H 00H R/W
TCES81 TM81 operation control
0 Operation disabled (TM81 is cleared to 00H)
1 Operation enabled
PWMES81 PWM output selection
0
1
TCL811 | TCL810 8-bit timer counter 81 count clock selection
At fx = 10.0 MHzNete operation At fx = 5.0 MHz operation
0 0 fx/24 625 kHz 312 kHz
0 1 fx/28 39.1 kHz 19.5 kHz
1 0 Rising edge of TI81
1 1 Falling edge of TI81
TOES81 8-bit timer/event counter 81 output control
0 Output disabled (port mode)
1 Output enabled

Note Expanded-specification products only.

Cautions 1. Always stop the timer before setting TMC81.
2. For PWM mode operation, the interrupt mask flag (TMMK81) must be set.

Remark fx: Main system clock oscillation frequency
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(3) 8-bit timer mode control register 82 (TMC82)

TMC82 determines whether to enable or disable 8-bit timer counter 82 (TM82) and specifies the count clock
for TM82. It also controls the operation of the output controller of 8-bit timer 82.

TMCB82 is set with a 1-bit or 8-bit memory manipulation instruction.

'RESET input clears TMC82 to 00H.

Figure 9-6. Format of 8-Bit Timer Mode Control Register 82

Symbol  <7> <6> 5 4 3 2 1 <0> Address  Afterreset R/W
TMC82 | TCES82 ‘ PWMES82 ‘ 0 ‘ 0 ‘ 0 ‘ TCL821 ‘ TCL820 ‘ TOES82 | FF5BH 00H R/W
TCE82 TMB82 operation control
0 Operation disabled (TM82 is cleared to 00H)
1 Operation enabled
PWMES82 PWM output selection
0 Timer counter operation mode
1 PWM output operation mode
TCL821 | TCL820 8-bit time counter 82 count clock section
At fx = 10.0 MHzNote 1 At fx = 5.0 MHz or
or fxr = 32.768 kHz operation fxt = 32.768 kHz operation
0 0 fx/25 312 kHz 156 kHz
0 1 fx/27 78.1 kHz 39.1 kHz
1 0 fxr 32.768 kHz
1 1 Setting prohibited
TOE82 8-bit timer 82 output control
0 Output disabled (port mode)
1 Output enabledNet2

140

Notes 1. Expanded-specification products only.
2. When TOES82 is set to 1, BZOE90 must be set to 0 (see Figure 8-3 Format of Buzzer Output
Control Register 90).

Cautions 1. Always stop the timer before setting TMC82.
2. For PWM mode operation, the interrupt mask flag (TMMK82) must be set.

Remarks 1. fx: Main system clock oscillation frequency
2. fxm:  Subsystem clock oscillation frequency
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(4) Port mode registers 2 and 3 (PM2 and PM3)

PM2 and PMS3 specify whether each bit of port 2 and port 3 is used for input or output.

To use the P26/TO80 pin for timer output, the PM26 and P26 output latch must be reset to 0.

To use the P31/TO81/INTP1 pin for timer output, the PM31 and P31 output latch must be reset to 0.

To use the P33/INTP3/TO82/BZ0O90 pin for timer output, the PM33 and P33 output latch must be reset to 0.
PM2 and PM3 are set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets PM2 and PM3 to FFH.

Figure 9-7. Format of Port Mode Register 2

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

1 | PM26 | PM25 | PM24 | PM23 | PM22 | PM21 | PM20 | FF2eH FFH RIW
PM26 P26 pin I/O mode selection

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Figure 9-8. Format of Port Mode Register 3

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

1 ‘ 1 ‘ 1 ‘ 1 ‘ PM33 ‘ PM32 ‘ PM31 ‘ PM30 | FF23H FFH R/W
PM31 P31 pin I/O mode selection

0 Qutput mode (output buffer on)

1 Input mode (output buffer off)
PM33 P33 pin /0 mode selection

0 Output mode (output buffer on)

1 Input mode (output buffer off)
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9.4 Operation of 8-Bit Timer/Event Counters 80 to 82

9.4.1 Operation as interval timer

The interval timer repeatedly generates an interrupt at time intervals specified by the count value set in 8-bit
compare register 8n (CR8n) in advance.

To operate 8-bit timer/event counters 80 to 82 as an interval timer, the following settings are required.

<1> Set 8-bit timer counter 8n (TM8n) to operation disable (by setting TCE8n (bit 7 of 8-bit timer mode control
register 8n (TMC8n)) to 0).

<2> Set the count clock of 8-bit timer/event counters 80 to 82 (see Tables 9-8 to 9-10).

<3> Set a count value in CR8n.

<4> Set TM8n to operation enabled (TCE8n = 1).

When the count value of 8-bit timer counter 8n (TM8n) matches the value set in CR8n, TM8n is cleared to 00H
and continues counting. At the same time, an interrupt request signal (INTTM8n) is generated.
Tables 9-8 to 9-10 show interval time, and Figure 9-9 shows the timing of interval timer operation.

Cautions 1. Before rewriting CR8n, stop the timer operation once. If CR8n is rewritten in the timer
operation-enabled state, a match interrupt request signal may occur at the moment of
rewrite.

2. If the count clock setting and TM8n operation-enabled are set in TCM8n simultaneously
using an 8-bit memory manipulation instruction, an error of more than a clock in one cycle
may occur after the timer start. Therefore, always follow the above procedure when
operating the 8-bit timer/event counter as an interval timer.

Remark n=0to2

Table 9-8. Interval Time of 8-Bit Timer/Event Counter 80

TCL801 TCL800 Minimum Interval Time Maximum Interval Time Resolution
0 0 1/fx (100 ns) [200 ns] 2%ix (25.6 us) [51.2 us] 1/fx (100 ns) [200 ns]
0 1 2%ix (0.8 us) [1.6 us] 2"/fx (204.8 us) [409.6 us] 2%ix (0.8 us) [1.6 us]
1 0 TI80 input cycle 2° x TI80 input cycle TI80 input edge cycle
1 1 TI80 input cycle 2° x TI80 input cycle TI80 input edge cycle

Remarks 1. fx: Main system clock oscillation frequency
2. The values in parentheses () apply to operation at fx = 10.0 MHz. (expanded-specification products

only)
3. The values in brackets [ ] apply to operation at fx = 5.0 MHz.
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Table 9-9. Interval Time of 8-Bit Timer/Event Counter 81
TCL811 TCL810 Minimum Interval Time Maximum Interval Time Resolution
0 0 2*/fx (1.6 us) [3.2 us] 2"/fx (409.6 us) [819.2 us] 2*fx (1.6us) [3.2 ps]
0 1 2°/fx (25.6 us) [51.2 us] 2'%/fx (6.55 ms) [13.1 ms] 2°/fx (25.6 us) [51.2 us]
1 0 TI81 input cycle 2° x TI81 input cycle TI81 input edge cycle
1 1 TI81 input cycle 2° x TI81 input cycle TI81 input edge cycle
Remarks 1. fx: Main system clock oscillation frequency
2. The values in parentheses () apply to operation at fx = 10.0 MHz. (expanded-specification products
only)
3. The values in brackets [ ] apply to operation at fx = 5.0 MHz.
Table 9-10. Interval Time of 8-Bit Timer 82
TCL821 TCL820 Minimum Interval Time Maximum Interval Time Resolution
0 0 2% (3.2 s) [6.4 us] 2"/fx (819 us) [1.64 ms] 2% (3.2 s) [6.4 us]
0 1 2'/ix (12.8 us) [25.6 us] 2"/fx (3.27 ms) [6.55 ms] 2'/ix (12.8 us) [25.6 us]
1 0 1/fxr (30.5 us) [30.5 us] 2%fxr (7.81 ms) [7.81 ms] 1/fxr (30.5 us) [30.5 us]
1 1 Setting prohibited

Remarks 1. fx:
2. fxt:

Main system clock oscillation frequency
Subsystem clock oscillation frequency

3. The values in parentheses () apply to operation at fx = 10.0 MHz or fxt = 32.768 kHz (expanded-

specification

products only).

4. The values in brackets [ ] apply to operation at fx = 5.0 MHz or fxt = 32.768 kHz.

TM8n count value

Figure 9-9. Interval Timer Operation Timing
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Note

9.4.2 Operation as external event counter

The external event counter counts the number of external clock pulses input to the TI80/P25/SS20 or
TI81/P30/INTPO/CPT90 pin by using 8-bit timer counters 80 or 81 (TM80 or TM81).

To operate 8-bit timer/event counter 8n as an external event counter, the following settings are required.

<1> Set P25 or P30 to input mode (PM25 = 1, PM30 = 1).

<2> Set 8-bit timer register 8n (TM8n) to operation disabled (by setting TCE8n (bit 7 of 8-bit timer mode control

register 8n (TMC8n)) to 0).

<3> Specify the rising/falling edges of TI8n (see Tables 9-4 and 9-5).

<4> Set a count value in CR8n.

<5> Set TM8n to operation enabled (TCE8n = 1).

Note Only TM80 and TM81 have this function.

Each time the valid edge specified by bit 1 (TCL8n0) of TMC8n is input, the value TM8n is incremented.

When the count value of TM8n matches the value set in CR8n, TM8n is cleared to 0 and continues counting. At
the same time, an interrupt request signal (INTTM8n) is generated.

Figure 9-10 shows the timing of the external event counter operation (with rising edge specified).

Cautions 1. Before rewriting CR8n, stop the timer operation once. If CR8n is rewritten in the timer
operation-enabled state, a match interrupt request signal may occur at the moment of
rewrite.

2. If the count clock setting and TM8n operation-enabled are set in TCM8n simultaneously
using an 8-bit memory manipulation instruction, an error of more than a clock in one cycle
may occur after the timer start. Therefore, always follow the above procedure when
operating the 8-bit timer/event counter as an external event counter.

Remark n=0,1

Figure 9-10. External Event Counter Operation Timing (with Rising Edge Specified)

TI8np|n|nput||||||||||||||||||I|||||||||

I
3 ‘
TM8n countvalue  00H X 01H X 02+ X 03H X 04H X 05H X // XN-1X N XooH X 01H X 02H X 03H X
\T ;
I
I

CRén N/

TCESn J o
INTTM8N . |_|

4

Remarks 1. N =00H to FFH
2. n=0,1
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9.4.3 Operation as square wave output
The 8-bit timer/event counter can generate output square waves of an arbitrary frequency at intervals specified by
the count value set in 8-bit compare registers 8n (CR8n) in advance.
To operate 8-bit timer/event counters 8n for square wave output, the following settings are required.
<1> Set P26, P31, or P33 to output mode (PM26 = 0, PM31 = 0, PM33 = 0).
<2> Reset the output latches of P26, P31, or P33 to 0.
<3> Set 8-bit timer counter 8n (TM8n) to operation disable (by setting TCES8n (bit 7 of 8-bit timer mode control
register 8n (TMC8n)) to 1).
<4> Set the count clock of 8-bit timer/event counter 8n and set TO8n to output enable (TOES8n (bit 0 of TMC8n) =
1).
<5> Set count value in CR8n.
<6> Set TM8n to operation enable (TCE8n = 1).

When the count value of TM8n matches the value set in CR8n, the TO8n pin output will be inverted. Through
application of this mechanism, square waves of any frequency can be output. As soon as a match occurs, TM8n will
be cleared to 00H and resumes to count, generating an interrupt request signal (INTTM8n).

Setting O for bit 7 (TCE8n) of TMC8n clears the square-wave output to 0.

Tables 9-11 through 9-13 show square wave output range, and Figure 9-11 shows timing of square wave output.

Cautions 1. Before rewriting CR8n, stop the timer operation once. If CR8n is rewritten in the timer
operation-enabled state, a match interrupt request signal may occur at the moment of
rewrite.

2. If the count clock setting and TM8n operation-enabled are set in TCM8n simultaneously
using an 8-bit memory manipulation instruction, an error of more than a clock in one cycle
may occur after the timer start. Therefore, always follow the above procedure when
operating the 8-bit timer/event counter for square wave output.

Remark n=0to2

Table 9-11. Square Wave Output Range of 8-Bit Timer/Event Counter 80

TCL801 TCL800 Minimum Pulse Width Maximum Pulse Width Resolution
0 0 1/fx (100 ns) [200 ns] 2%/tx (25.6 us) [51.2 us] 1/fx (100 ns) [200 ns]
0 1 2%/tx (0.8us) [1.6 us] 2"/fx (204.8 us) [409.6 us) 2°/fx (0.8 us) [1.6 us]

Remarks 1. fx: Main system clock oscillation frequency
2. The values in parentheses () apply to operation at fx = 10.0 MHz. (expanded-specification products
only)
3. The values in brackets [ ] apply to operation at fx = 5.0 MHz.

Table 9-12. Square Wave Output Range of 8-Bit Timer/Event Counter 81

TCL811 TCL810 Minimum Pulse Width Maximum Pulse Width Resolution
0 0 2'fix (1.6 us) [3.2 us] 2"%/fx (409.6us) [819.2 us] 2'fix (1.6 us) [3.2 us]
0 1 2°/fx (25.6 us) [51.2 us] 2"/fx (6.55 ms) [13.1 ms] 2°/fx (25.6 us) [51.2 us]

Remarks 1. fx: Main system clock oscillation frequency
2. The values in parentheses () apply to operation at fx = 10.0 MHz. (expanded-specification products
only)
3. The values in brackets [ ] apply to operation at fx = 5.0 MHz.
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Table 9-13. Square Wave Output Range of 8-Bit Timer 82

TCL821 TCL820 Minimum Pulse Width Maximum Pulse Width Resolution
0 0 2%/fx (3.2 us) [6.4 us] 2"/fx (819 us) [1.64 ms] 2%/fx (3.2 us) [6.4 us]
0 1 27/fx (12.8 us) [25.6 us] 2"/fx (3.27 ms) [6.55 ms] 27/fx (12.8 us) [25.6 us]
1 0 1/fx7 (80.5 us) [30.5 us] 2%/t (7.81 ms) [7.81 ms] 1/fx7 (80.5 us) [30.5 us]
Remarks 1. fx:  Main system clock oscillation frequency
2. fxm: Subsystem clock oscillation frequency
3. The values in parentheses () apply to operation at fx = 10.0 MHz or fxt = 32.768 kHz. (expanded-
specification products only)
4. The values in brackets [ ] apply to operation at fx = 5.0 MHz or fxt = 32.768 kHz.
Figure 9-11. Square Wave Output Timing
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Note The initial value of TO8n is low for output enable (TOE8n = 1).

Remark n=0to2
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9.4.4 PWM output operation
PWM output enables generation of an interrupt repeatedly at intervals specified by the count value set in 8-bit
compare register 8n (CR8n) in advance.
To use 8-bit timer/event counter 8n for PWM output, the following settings are required.
<1> Set P26, P31, or P33 to output mode (PM26 = 0, PM31 = 0, PM33 = 0).
<2> Reset the output latches of P26, P31, or P33 to 0.
<3> Set 8-bit timer counter 8n (TM8n) to operation disable (by setting TCES8n (bit 7 of 8-bit timer mode control
register 8n (TMC8n)) to 0).
<4> Set the count clock of 8-bit timer/event counter 8n, and set TO8n to output enable (TOE8n (bit 0 of TMC8n)
=1), and to PWM output mode (PWMES8n = 1).
<5> Set a count value in CR8n.
<6> Set TM8n to operation enable (TCE8n = 1).

When the count value of TM8n matches the value set in CR8n, TM8n continues counting, and an interrupt request
signal (INTTM8n) is generated.

Cautions 1. Before rewriting CR8n, stop the timer. If CR8n is rewritten in the timer operation-enabled
state, a high-level signal may be output for the next cycle (256 count pulses) (for details, see
9.5 (4) Timer operation after compare register is rewritten during PWM output).

2. If the count clock setting and TM8n operation-enabled are set in TCM8n simultaneously
using an 8-bit memory manipulation instruction, an error of more than a clock in one cycle
may occur after the timer start. Therefore, always follow the above procedure when
operating the 8-bit timer/event counter for PWM output.

Remark n=0to2
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Figure 9-12. PWM Output Timing
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Note The initial value of TO8n is low for output enable (TOE8n = 1).

Caution Do not set CR8n to 00H in PWM output mode; otherwise, PWM may not be output normally.

Remark n=0to2
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9.5 Notes on Using 8-Bit Timer/Event Counters 80 to 82

(1) Error on starting timer

An error of up to 1.5 clocks is included in the time between when the timer is started and when a match

signal is generated. This is because the rising edge is detected and the counter is incremented if the timer is

started while the selected clock is high (see Figure 9-13).

Figure 9-13. Case of Error Occurrence of up to 1.5 Clocks

Delay A Count
Selected clock z >, pulse

8-bit timer counter 8n

(TM8n)
A

@ ‘ AV / Clear signal
ey B

Selected clock | | [ | [ | [ [ | [

TCESn |

Clear signal ??.

Count pulse ii:ﬂ T 1 T 1 T ]

TM8n counter value 00H Xm_HX 02H X __o03H__ X

An error of up to 1.5 clocks occurs if the timer is started
when the selected clock is high and delay A > delay B.

Remark n=0to2
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(2) Count value if external clock input from TI8n pin is selected

When the rising edge of the external clock signal input from the TI8n pin is selected as the count clock, the
count value may start from 01H if the timer is enabled (TCE8n = 0 — 1) while the TI8n pin is high. This is
because the input signal of the TI8n pin is internally ANDed with the TCES8n signal. Consequently, the
counter is incremented because the rising edge of the count clock is input to the timer immediately when the
TCES8n pin is set. Depending on the delay timing, the count value is incremented by one if the rising edge is
input after the counter is cleared. Counting is not affected if the rising edge is input before the counter is
cleared (the counter operates normally).

By the same factor as the above, when the falling edge of the external clock signal input from the TI8n pin is
selected as the count clock, the count value may start from 01H if the timer is enabled (TCE8n =0 — 1)
while the T18n pin is low.

Use the timer being aware that it has an error of one count, or take either of the following actions A or B.

<Action A> Always start the timer while the TI8n pin is low if the rising edge is selected.
Always start the timer while the TI8n pin is high if the falling edge is selected

<Action B> Save the count value to a control register when the timer is started, SUB the count value with
the count value saved to the control register when reading the count value, and take the result
of SUB as the true count value.

Figure 9-14. Counting Operation if Timer Is Started When TI8n Is High (When the rising edge is selected)

150

| J_ Clear
TCES8n flag Rising edge Increment
Tisn O——— detector Counter

H

User’'s Manual U14186EJ6VOUD



CHAPTER 9 8-BIT TIMER/EVENT COUNTERS 80 TO 82

(3) Setting of 8-bit compare register 8n
8-bit compare register 8n (CR8n) can be set to 00H.
Therefore, one pulse can be counted when an 8-bit timer/event counter operates as an event counter.

Figure 9-15. External Event Counter Operation Timing

TI80, TI81 input _/_\_/_\_/_\_/_\_/_\_

CR80, CR81 O00H
TM80, TM81
count value X 00H X OOH X ooH X ooH
Interrupt request flag | | | | | | | |

Cautions 1. When CR8n is rewritten to timer counter operation mode (PWME8n (8-bit timer mode

control register 8n (TMC8n)) = 0), be sure to stop the timer operation beforehand. If
CR8n is rewritten in the timer operation-enabled state, a match interrupt request signal
may occur at the moment of rewrite.

2. If CR8n is rewritten during timer operation in the PWM operation mode (PWMES8n = 1),
pulses may not be generated for one cycle after the rewrite.

3. Do not set CR8n to 00H in PWM operation mode; otherwise, PWM may not be output
normally.

Remark n=0to2
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(4) Timer operation after compare register is rewritten during PWM output
When 8-bit compare register 8n (CR8n) is rewritten during PWM output, if the new value is smaller than that
of 8-bit timer/counter 8n (TM8n), a high-level signal may be output for the next cycle (256 count pulses) after
the CR8n value is rewritten. Figure 9-16 shows the timing at which the high-level signal is output.

Figure 9-16. Operation Timing After Compare Register Is Rewritten During PWM Output

Count clock ||||||I|||||I|I|||||||||||||||||||||

CR8n

TCES8n

OVF |

INTTM8n

TO8n | | |

M =01H to FFH

A CR8n rewritten

Remark n=0t02

(5) Cautions when STOP mode is set
Be sure to stop timer operations (TCE8n = 0) before executing the STOP instruction.
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10.1 Watch Timer Functions

The watch timer has the following functions.

e Watch timer
e Interval timer

The watch and interval timers can be used at the same time.
Figure 10-1 is a block diagram of the watch timer.

Figure 10-1. Block Diagram of Watch Timer

Clear
2" —= 5 [~  9-bitprescaler 5-bit counter INTWT
[&]
3 fw | fw | fw | fw | fw | fw ol
fxr —= @ o4 | 25| 26| o7 | o8 o9 ear
S
3 INTWTI
[0
[09]
[wrwmz|wrmes|wrms|wrma|wrmi fwrmol
Watch timer mode
control register (WTM)
2 Internal bus 2
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(1) Watch timer

The 4.19 MHz main system clock or 32.768 kHz subsystem clock is used to issue an interrupt request
(INTWT) at 0.5-second intervals.

Caution When the main system clock is operating at 5.0 MHz, it cannot be used to generate a 0.5-
second interval. In this case, the subsystem clock, which operates at 32.768 kHz, should
be used instead.

(2) Interval timer
The interval timer is used to generate an interrupt request (INTWTI) at specified intervals.
Table 10-1. Interval Generated Using Interval Timer
Interval At fx = 10.0 MHZ"" At fx = 5.0 MHz At fx = 4.19 MHz At fxt = 32.768 kHz

2* x 1/fw 204 us 409 us 489 us 488 us
2° x 1/fw 409 us 819 us 978 us 977 us
2° x 1/fw 819 us 1.64 ms 1.96 ms 1.95 ms
2" x 1/fw 1.64 ms 3.28 ms 3.91 ms 3.91 ms
2° x 1/fw 3.28 ms 6.55 ms 7.82ms 7.81 ms
2° x 1/fw 6.55 ms 13.1 ms 15.6 ms 15.6 ms

Note Expanded-specification products only.

Remarks 1. fw: Watch timer clock frequency (fx/2” or fxT)
2. fx: Main system clock oscillation frequency
3. fxm: Subsystem clock oscillation frequency

10.2 Watch Timer Configuration

The watch timer consists of the following hardware.

Table 10-2. Watch Timer Configuration

ltem

Configuration

Counter

5 bits x 1

Prescaler

9 bits x 1

Control register

Watch timer mode control register (WTM)
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10.3 Watch Timer Control Register
The watch timer mode control register (WTM) is used to control the watch timer.

*  Watch timer mode control register (WTM)
WTM selects a count clock for the watch timer and specifies whether to enable operation of the timer. It also
specifies the prescaler interval and how the 5-bit counter is controlled.
WTM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets WTM to 00H.

Figure 10-2. Format of Watch Timer Mode Control Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
WM | wTmz | wime | wims | wime | o | o | wrmi | wimo | FraaH 00H RIW
WTW7 Watch timer count clock (fw) section
At fx = 10.0 MHzNote At fx = 5.0 MHz or
or fxr = 32.768 kHz operation fxr = 32.768 kHz operation
0 fx/2” 78.2 kHz 39.1 kHz
1 fxr 32.768 kHz
WTM6 WTM5 WTM4 Prescaler interval selection
0 0 0 24/fw (488 us)
0 0 1 25/fw (977 us)
0 1 0 25/fw (1.95 ms)
0 1 1 27/fw (3.91 ms)
1 0 0 28/fw (7.81 ms)
1 0 1 2%fw (15.6 ms)
Other than above Setting prohibited
WTM1 Control of 5-bit counter operation
0 Cleared after stop
1 Started
WTMO Watch timer operation
0 Operation disabled (both prescaler and timer cleared)
1 Operation enabled

Note Expanded-specification products only.

Remarks 1. fw: Watch timer clock frequency (fx/2 or fxT)
2. fx: Main system clock oscillation frequency
3. fx7: Subsystem clock oscillation frequency
4. The values in parentheses apply to operation at fw = 32.768 kHz.
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10.4 Watch Timer Operation

10.4.1 Operation as watch timer

The main system clock (4.19 MHz) or subsystem clock (32.768 kHz) is used to enable the watch timer to operate

at 0.5-second intervals.

The watch timer is used to generate an interrupt request at specified intervals.

By setting bits 0 and 1 (WTMO and WTM1) of the watch timer mode control register (WTM) to 1, the watch timer
starts counting. By setting them to 0, the 5-bit counter is cleared and the watch timer stops counting.

Only the watch timer can be started form zero seconds by clearing WTM1 to 0 when the interval timer and watch
timer operate at the same time. In this case, however, an error of up to 2° x 1/fw seconds may occur in the overflow

(INTWT) after the zero-second start of the watch timer because the 9-bit prescaler is not cleared to 0.

10.4.2 Operation as interval timer

The interval timer is used to repeatedly generate an interrupt request at the interval specified by a count value set

in advance.

The interval can be selected by bits 4 to 6 (WTM4 to WTM6) of the watch timer mode control register (WTM).

Table 10-3. Interval Generated Using Interval Timer

WTM6 | WTM5 | WTM4 Interval Atfx=10.0 MHZ""®| Atfx=5.0 MHz | Atfx=4.19 MHz At fxr = 32.768
kHz
0 0 0 2 x 1/fw 204 us 409 us 489 us 488 us
0 0 1 2° x 1/fw 409 us 819 us 978 us 977 us
0 1 0 2° x 1/fw 819 us 1.64 ms 1.96 ms 1.95ms
0 1 1 27 x 1/fw 1.64 ms 3.28 ms 3.91 ms 3.91 ms
1 0 0 2° x 1/fw 3.27 ms 6.55 ms 7.82 ms 7.81 ms
1 0 1 2° x 1/fw 6.55 ms 13.1ms 15.6 ms 15.6 ms
Other than above Setting prohibited

Note Expanded-specification products only.

Remarks 1.
2.
3.
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fx:  Main system clock oscillation frequency

fxt:  Subsystem clock oscillation frequency

fw:  Watch timer clock frequency
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Figure 10-3. Watch Timer/Interval Timer Operation Timing

5-bit counter

OH

Overflow Overflow
Start | |
|

ot clock SN I e U e e s Y o I I
fin/29 --- ---

Watch timer ! '_l '_l

interrupt -—— ! -—

INTWT l —— , i P—— . i

i Watch timer interrupt time (0.5 s) | Watch timer interrupt time (0.5 s) |
Interval timer ! ! !
interrupt | [ | e [ [ | I | |
INTWTI ! ! ! | !

' Interval ‘ ‘ T ! \

timer (T)

Caution When operation of the watch timer and 5-bit counter operation is enabled by setting bit 0

(WTMO) of the watch timer mode control register (WTM) to 1, the interval until the first interrupt
request (INTWT) is generated after the register is set does not exactly match the watch timer
interrupt time (0.5s). This is because there is a delay of one 9-bit prescaler output cycle until
the 5-bit counter starts counting. Subsequently, however, the INTWT signal is generated at the
specified intervals.

Remarks 1. fw: Watch timer clock frequency

2. The values in parentheses apply to operation at fw = 32.768 kHz.
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11.1 Watchdog Timer Functions
The watchdog timer has the following functions.

¢ Watchdog timer
¢ Interval timer

Caution Select the watchdog timer mode or interval timer mode by using the watchdog timer mode
register (WDTM).

(1) Watchdog timer
The watchdog timer is used to detect inadvertent program loops. When an inadvertent loop is detected, a

non-maskable interrupt or a RESET signal can be generated.

Table 11-1. Inadvertent Loop Detection Time of Watchdog Timer

Inadvertent Loop Detection At fx = 10.0 MHZ"* At fx = 5.0 MHz
Time
2" x 1/x 205 us 410 us
2" x 1/fx 819 us 1.64 ms
2% x 1/ix 3.27ms 6.55 ms
2" x 1/fx 13.1 ms 26.2 ms

Note Expanded-specification products only.
Remark fx: Main system clock oscillation frequency

(2) Interval timer
The interval timer generates an interrupt at an arbitrary interval set in advance.

Table 11-2. Interval Time

Interval At fx = 10.0 MHZ"" At fx = 5.0 MHz
2" x 1/fx 205 us 410 s
2" x 1/fx 819 us 1.64 ms
2" % 1/fx 3.27ms 6.55 ms
27 x 1/fx 13.1 ms 26.2ms

Note Expanded-specification products only.

Remark fx: Main system clock oscillation frequency
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11.2 Watchdog Timer Configuration

The watchdog timer consists of the following hardware.

Table 11-3. Configuration of Watchdog Timer

Item Configuration

Control registers Timer clock selection register 2 (TCL2)
Watchdog timer mode register (WDTM)

Figure 11-1. Block Diagram of Watchdog Timer

g Internal bus g

RS Ha| Prescaler | TMMK4

24
fx fx fx
26 28 210 INTWDT
TMIF4 Maskable
) interrupt request
]
8 [ 7-bitcounter |—{Controller RESET
® INTWDT
Clear Non-maskable
1 interrupt request
3

T

TCL22|TCL21|TCL20 RUN |WDTM4|WDTM3
Timer clock selection reg(;_lﬁ(t;el_rzz) iE iEWatchdog timer mode register (WDTM)
g Internal bus g
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11.3 Watchdog Timer Control Registers
The following two types of registers are used to control the watchdog timer.

* Timer clock selection register 2 (TCL2)
e Watchdog timer mode register (WDTM)

(1) Timer clock selection register 2 (TCL2)
This register sets the watchdog timer count clock.
TCL2 is set with an 8-bit memory manipulation instruction.
RESET input clears TCL2 to 00H.

Figure 11-2. Format of Timer Clock Selection Register 2

Symbol 7 6 5 4 3 2 1 0 Address Address R/W
TCL2 | 0 | 0 | 0 | 0 | 0 | TCL22 | TCL21 | TCL20 | FF42H 00H R/W
TCL22 | TCL21 TCL20 Watchdog timer count clock selection Interval
At fx=10.0 At fx = 5.0 MHz At fx=10.0 At fx = 5.0 MHz
MHZ"* MHZ""

0 0 0 x/2' 1625.0 kHz 312.5 kHz 2"/ix  |205 us 410 us

0 1 0 x/2°  |156.2 kHz 78.1 kHz 2%x  |819 us 1.64 ms

1 0 0 x/2° 39.0 kHz 19.5 kHz 2"x  |3.27 ms 6.55 ms

1 1 0 fx/2"° 19.76 kHz 4.88 kHz 2"/x  |13.1ms 26.2 ms

Other than above Setting prohibited

Note Expanded-specification products only.

Remark fx: Main system clock oscillation frequency
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(2) Watchdog timer mode register (WDTM)
This register sets an operation mode of the watchdog timer, and enables/disables counting of the watchdog
timer.
WDTM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears WDTM to O0H.

Figure 11-3. Format of Watchdog Timer Mode Register

Symbol  <7> 6 5 4 3 2 1 0 Address  Afterreset  R/W
wotm | RUN | o | o |[wotma[wotMs| o | o | o | FFFoH 00H RW
RUN Watchdog timer operation selectionN°te?
0 Stop counting
1 Clear counter and start counting
WDTM4 | WDTM3 Watchdog timer operation mode selectionNote2
0 0 Operation stop
0 1 Interval timer mode (generates a maskable interrupt upon overflow occurrence)Note 3
1 0 Watchdog timer mode 1 (generates a non-maskable interrupt upon overflow occurrence)
1 1 Watchdog timer mode 2 (starts reset operation upon overflow occurrence.)

Notes 1. Once RUN has been set to 1, it cannot be cleared to 0 by software. Therefore, when counting is
started, it cannot be stopped by any means other than RESET input.
2. Once WDTM3 and WDTM4 have been set to 1, they cannot be cleared to 0 by software.
3. The watchdog timer starts operations as an interval timer when RUN is set to 1.

Cautions 1. When the watchdog timer is cleared by setting RUN to 1, the actual overflow time is up
to 0.8% shorter than the time set by timer clock selection register 2 (TCL2).

2. To set watchdog timer mode 1 or 2, set WDTM4 to 1 after confirming that TMIF4 (bit 0 of
interrupt request flag register 0 (IF0)) is set to 0. When watchdog timer mode 1 or 2 is
selected with TMIF4 set to 1, a non-maskable interrupt is generated upon the
completion of rewriting WDTMA4.
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11.4 Watchdog Timer Operation

11.4.1 Operation as watchdog timer

The watchdog timer detects an inadvertent program loop when bit 4 (WDTM4) of the watchdog timer mode
register (WDTM) is set to 1.

The count clock (inadvertent loop detection time interval) of the watchdog timer can be selected by bits 0 to 2
(TCL20 to TCL22) of timer clock selection register 2 (TCL2). By setting bit 7 (RUN) of WDTM to 1, the watchdog
timer is started. Set RUN to 1 within the set inadvertent loop detection time interval after the watchdog timer has
been started. By setting RUN to 1, the watchdog timer can be cleared and start counting. If RUN is not set to 1, and
the inadvertent loop detection time is exceeded, a system reset signal or a non-maskable interrupt is generated,
depending on the value of bit 3 (WDTM3) of WDTM.

The watchdog timer continues operation in HALT mode, but stops in STOP mode. Therefore, first set RUN to 1 to
clear the watchdog timer before executing the STOP instruction.

Cautions 1. The actual inadvertent loop detection time may be up to 0.8% shorter than the set time.
2. When the subsystem clock is selected as the CPU clock, watchdog timer count operation is
stopped. Even when the main system clock continues oscillating in this case, the watchdog
timer count operation is stopped.

Table 11-4. Inadvertent Loop Detection Time of Watchdog Timer

TCL22 | TCL21 | TCL20 Inadvertent Loop Detection Time At fx = 10.0 MHZ""* At fx = 5.0 MHz
0 0 0 2" x 1/fx 205 us 410 us
0 1 0 2" x 1/fx 819 us 1.64 ms
1 0 0 2" x 1/fx 3.27 ms 6.55 ms
1 1 0 2" x 1/x 13.1 ms 26.2ms

Note Expanded-specification products only.

Remark fx: Main system clock oscillation frequency
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11.4.2 Operation as interval timer

When bits 4 and 3 (WDTM4, WDTMS3) of the watchdog timer mode register (WDTM) are set to 0 and 1,
respectively, the watchdog timer operates as an interval timer that repeatedly generates an interrupt at intervals

specified by a count value set in advance.

Select a count clock (or interval) by setting bits 0 to 2 (TCL20 to TCL22) of timer clock selection register 2 (TCL2).
The watchdog timer starts operation as an interval timer when the RUN bit (bit 7 of WDTM) is set to 1.
In interval timer mode, the interrupt mask flag (TMMK4) is valid, and a maskable interrupt (INTWDT) can be

generated. The priority of INTWDT is set as the highest of all the maskable interrupts.

The interval timer continues operation in HALT mode, but stops in STOP mode. Therefore, first set RUN to 1 to

clear the interval timer before executing the STOP instruction.

Cautions 1. Once bit 4 (WDTM4) of WDTM is set to 1 (when watchdog timer mode is selected), interval

timer mode is not set unless a RESET signal is input.

2. The interval time may be up to 0.8% shorter than the set time when WDTM has just been set.

Table 11-5. Interval Time of Interval Timer

TCL22 | TCL21 | TCL20 Interval At fx = 10.0 MHZ"* At fx = 5.0 MHz
0 0 0 2" x 1/ix 205 us 410 us
0 1 0 2" x 1/ix 819 us 1.64 ms
1 0 0 2" x 1/fx 3.27 ms 6.55 ms
1 1 0 2" x 1/ix 131 ms 26.2 ms

Note Expanded-specification products only.

Remark fx: Main system clock oscillation frequency
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12.1 8-Bit A/D Converter Functions

The 8-bit A/D converter is an 8-bit resolution converter that converts an analog input to a digital signal. This
converter can control eight channels (ANIO to ANI7) of analog inputs.

A/D conversion can be started only by software.

One of analog inputs ANIO to ANI7 is selected for A/D conversion. A/D conversion is performed repeatedly, with
an interrupt request (INTADO) being issued each time A/D conversion is completed.

12.2 8-Bit A/D Converter Configuration

The 8-bit A/D converter consists of the following hardware.

Table 12-1. Configuration of 8-Bit A/D Converter

ltem

Configuration

Analog input

8 channels (ANIO to ANI7)

Registers

Successive approximation register (SAR)
A/D conversion result register 0 (ADCRO)

Control registers

A/D converter mode register 0 (ADMO)
A/D input selection register 0 (ADSO0)
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Figure 12-1. Block Diagram of 8-Bit A/D Converter
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Successive approximation register (SAR)

SAR receives the result of comparing an analog input voltage and a voltage at the voltage tap (comparison
voltage), received from the series resistor string, starting from the most significant bit (MSB).

Upon receiving all the bits, down to the least significant bit (LSB), that is, upon the completion of A/D
conversion, SAR sends its contents to A/D conversion result register 0 (ADCRO).

A/D conversion result register 0 (ADCRO0)
ADCRO holds the result of A/D conversion.
successive approximation register is loaded into ADCRO, which is an 8-bit register.

Each time A/D conversion ends, the conversion result in the

ADCRO can be read with an 8-bit memory manipulation instruction.
RESET input makes this register undefined.

Sample-and-hold circuit
The sample-and-hold circuit samples consecutive analog inputs from the input circuit, one by one, and sends
them to the voltage comparator. The sampled analog input voltage is held during A/D conversion.
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@

(5)

(6)

@

®)

)
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Voltage comparator
The voltage comparator compares an analog input with the voltage output by the series resistor string.

Series resistor string
The series resistor string is configured between AVRer and AVss. It generates the reference voltages against
which analog inputs are compared.

ANIO to ANI7
The ANIO to ANI7 pins are the 8-channel analog input pins for the A/D converter. They are used to receive
the analog signals for A/D conversion.

Caution Do not supply the ANIO to ANI7 pins with voltages that fall outside the rated range. If a
voltage greater than or equal to AVgrer or less than AVss (even if within the absolute
maximum ratings) is supplied to any of these pins, the conversion value for the
corresponding channel will be undefined. Furthermore, the conversion values for the other
channels may also be affected.

AVREF

This pin inputs the A/D converter reference voltage.

It converts signals input to ANIO to ANI7 into digital signals according to the voltage applied between AVRer
and AVss.

AVss pin
The AVss pin is a ground potential pin for the A/D converter. This pin must be held at the same potential as
the Vsso pin, even while the A/D converter is not being used.

AVop pin

The AVop pin is an analog power supply pin for the A/D converter. This pin must be held at the same
potential as the Vooo pin, even while the A/D converter is not being used.
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12.3 8-Bit A/D Converter Control Registers

The following two registers are used to control the 8-bit A/D converter.

* A/D converter mode register 0 (ADMO)
e A/D input selection register 0 (ADS0)

(1) A/D converter mode register 0 (ADMO)
ADMO specifies the conversion time for analog inputs. It also specifies whether to enable conversion.
ADMO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ADMO to 00H.
Figure 12-2. Format of A/D Converter Mode Register 0
Symbol  <7> 6 5 4 3 2 1 0 Address Afterreset R/W
apMo| ADCso | o | FrRo2 | FRot | FRoo | o | o | o | FreoH oo RIW
ADCSO0 A/D conversion control
0 Conversion disabled
1 Conversion enabled
FRO2 FRO1 FROO A/D conversion time selection™"
At fx = 10.0 MHz operation™*? | At fx = 5.0 MHz operation
0 0 144/fx 14.4 us 28.8 us
0 0 1 120/fx 12.0 us 24.0 us
0 1 0 96/fx Setting prohibited"** 19.2 us
1 0 0 72/fx Setting prohibited"™** 14.4 us
1 0 1 60/fx Setting prohibited"™** 12.0 us"**
1 1 0 48/fx Setting prohibited"™**
Other than above Setting prohibited

Notes 1. Set the A/D conversion time so that it satisfies the following ratings.
<Expanded-specification products>
4.5<AVRer < AVob=VoD <55V ..... 12 s min.
27<AVRer<AVoD=VoD <45V ... 14 us min.
1.8<AVREF<AVpoD=VDD<2.7V ..... 28 us min.
<Conventional products>
2.7<AVRer<AVob=VoD <55V ..... 14 ys min.
1.8 <AVRer <AVop=VoD<2.7V ..... 28 us min.
2. Expanded-specification products only.
3. Setting prohibited because the A/D conversion time cannot satisfy the ratings in Note 1 during
operation under these fx conditions.
4. Can only be set for expanded-specification products under the following conditions:
4.5 < AVRer < AVop = Vop £ 5.5 V. Other settings are prohibited.

Cautions 1. The result of conversion performed immediately after bit 7 (ADCSO0) is set is undefined.
2. The conversion result may be undefined after ADCSO0 has been cleared to 0 (for details,
see 12.5 (5) Timing of undefined A/D conversion resulit).

Remark fx: Main system clock oscillation frequency
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(2) A/D input selection register 0 (ADS0)
ADSO specifies the port used to input the analog voltage to be converted to a digital signal.
ADSO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ADSO to 00H.

Figure 12-3. Format of A/D Input Selection Register 0

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
apso [ o | o | o | o | o | ADSoz| ADSot | ADS00 | FF84H 00H RW
ADS02 | ADSO01 | ADS00 Analog input channel specification

0 0 0 ANIO

0 0 1 AN

0 1 0 ANI2

0 1 1 ANI3

1 0 0 ANI4

1 0 1 ANI5

1 1 0 ANI6

1 1 1 ANI7

Caution Bits 3 to 7 must all be set to 0.
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12.4 8-Bit A/D Converter Operation

12.4.1 Basic operation of 8-bit A/D converter

<1>
<2>
<3>

<4>

<5>

<6>

<7>
<8>

Select a channel for A/D conversion, using A/D input selection register 0 (ADS0).

The voltage supplied to the selected analog input channel is sampled using the sample and hold circuit.
After sampling continues for a certain period of time, the sample and hold circuit is put on hold to keep
the input analog voltage until A/D conversion is completed.

Bit 7 of the successive approximation register (SAR) is set. The series resistor string tap voltage at the
tap selector is set to half of AVRer.

The series resistor string tap voltage is compared with the analog input voltage using the voltage
comparator. If the analog input voltage is higher than half of AVrer, the MSB of SAR is left set. Ifitis
lower than half of AVrer, the MSB is reset.

Bit 6 of SAR is set automatically, and comparison shifts to the next stage. The next tap voltage of the
series resistor string is selected according to bit 7, which reflects the previous comparison result, as
follows:

e Bit 7 =1: Three quarters of AVRer

e Bit 7 =0: One quarter of AVRrer

The tap voltage is compared with the analog input voltage. Bit 6 is set or reset according to the result of
comparison.

¢ Analog input voltage > tap voltage: Bit 6 = 1

¢ Analog input voltage < tap voltage: Bit6 =0

Comparison is repeated until bit 0 of SAR is reached.

When comparison is completed for all of the 8 bits, a significant digital result is left in SAR. This value is
sent to and latched in A/D conversion result register 0 (ADCRO0). At the same time, it is possible to
generate an A/D conversion end interrupt request (INTADO).

Cautions 1. The first A/D conversion value immediately after A/D conversion has been started may be

undefined.
2. In standby mode, A/D converter operation is stopped.
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Figure 12-4. Basic Operation of 8-Bit A/D Converter
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A/D conversion continues until bit 7 (ADCSO0) of A/D converter mode register 0 (ADMO) is reset to 0 by software.

If an attempt is made to write to ADMO or A/D input selection register 0 (ADSO) during A/D conversion, the
ongoing A/D conversion is canceled. In this case, A/D conversion is restarted from the beginning, if ADCSO is set to
1.

RESET input makes A/D conversion result register 0 (ADCRO0) undefined.

12.4.2 Input voltage and conversion result
The relationships between the analog input voltage at the analog input pins (ANIO to ANI7) and the A/D
conversion result (A/D conversion result register 0 (ADCRO)) are represented by:

VIN
ADCRO = INT
( AV

x 256 + 0.5)
REF

or

(ADCRO — 0.5) x AYFEF <\ < (ADCRO + 0.5) x -AVREF
256 256

INT( ):  Function that returns the integer part of a parenthesized value
ViN: Analog input voltage

AVRrer:  Voltage of AVREF pin

ADCRO: Value in A/D conversion result register 0 (ADCRO0)

Figure 12-5 shows the relationship between the analog input voltage and the A/D conversion result.
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Figure 12-5. Relationship Between Analog Input Voltage and A/D Conversion Result

255 — T T T T T~ ~~°°
254 "~
253 ——a--
| 1
A/D conversion | :
result (ADCRO) | !
3 -
2 ,,,,,
1 ,,,,,
0 ,,,,,
1 1 3 2 5 3 507 254 509 255 511 1
512 256 512 256 512 256 512 256 512 256 512
Input voltage/AVrer
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12.4.3 Operation mode of 8-bit A/D converter

The A/D converter is initially in select mode. In this mode, A/D input selection register 0 (ADSO0) is used to select
an analog input channel from ANIO to ANI7 for A/D conversion.

A/D conversion can be started only by software; that is, by setting A/D converter mode register 0 (ADMO).

The A/D conversion result is saved to A/D conversion result register 0 (ADCRO0). At the same time, an interrupt
request signal (INTADO) is generated.

o Software-started A/D conversion

Setting bit 7 (ADCSO0) of A/D converter mode register 0 (ADMO) to 1 triggers A/D conversion for the voltage
applied to the analog input pin specified in A/D input selection register 0 (ADS0). Upon completion of A/D
conversion, the conversion result is saved to A/D conversion result register 0 (ADCRO0). At the same time, an
interrupt request signal (INTADO) is generated. Once A/D conversion is activated, and completed, another
session of A/D conversion is started. A/D conversion is repeated until new data is written to ADMO. If data
where ADCSO is 1 is written to ADMO again during A/D conversion, the ongoing session of A/D conversion is
discontinued, and a new session of A/D conversion begins for the new data. If data where ADCSO is O is
written to ADMO again during A/D conversion, A/D conversion is stopped immediately.

Figure 12-6. Software-Started A/D Conversion

Rewriting ADMO Rewriting ADMO
ADCSO0 =1 ADCSO0 =1 ADCS0=0
A/D conversion ANIn ANIn ANIn ANIm ANIm

discontinued;
no conversion
result is preserved.

Conversion is
——— Stop

ADCRO ANIn ANIn ANIm

o

Remarks 1. n=0to7
2. m=0to7
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12.5 Cautions Related to 8-Bit A/D Converter
(1) Current consumption in standby mode
In standby mode, the A/D converter stops operating. Setting bit 7 (ADCS0) of A/D converter mode register 0
(ADMO) to 0 can reduce the current consumption.

Figure 12-7 shows how to reduce the current consumption in standby mode.

Figure 12-7. How to Reduce Current Consumption in Standby Mode

AVRer ©

P-ch I o<} ADCS0

Series resistor string

AVss ©

(2) Input range for ANIO to ANI7 pins
Be sure to keep the input voltage at ANIO to ANI7 within its rating. If a voltage greater than or equal to AVRrer
or less than or equal to AVss (even within the absolute maximum ratings) is input into a conversion channel,
the conversion output of the channel becomes undefined, and the conversion output of the other channels
may also be affected.

(3) Conflict

<1> Conflict between writing to A/D conversion result register 0 (ADCRO) at the end of conversion and
reading from ADCRO using instruction
Reading from ADCRO takes precedence. After reading, the new conversion result is written to ADCRO.

<2> Conflict between writing to ADCRO at the end of conversion and writing to A/D converter mode register 0
(ADMO) or A/D input selection register 0 (ADSO0)
Writing to ADMO or ADSO takes precedence. ADCRO is not written to. No A/D conversion end interrupt
request signal (INTADO) is generated.

(4) Conversion result immediately after start of A/D conversion

The first A/D conversion value immediately after A/D conversion has been started is undefined. Poll the A/D
conversion end interrupt request (INTADO) and drop the first conversion result.
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(5) Timing of undefined A/D conversion result
The A/D conversion value may become undefined if the timing of the completion of A/D conversion and that
to stop the A/D conversion operation conflict. Therefore, read the A/D conversion result while the A/D
conversion operation is in progress. To read the A/D conversion result after the A/D conversion operation
has been stopped, stop the A/D conversion operation before the next conversion operation is completed.
Figures 12-8 and 12-9 show the timing at which the conversion result is read.

Figure 12-8. Conversion Result Read Timing (If Conversion Result Is Undefined)

End of A/D conversion End of A/D conversion
ADCRO X Normal conversion result X Undefined value
INTADO | |
ADCSO0 |
Normal conversion result is read. A/D conversion Undefined value
stops. is read.

Figure 12-9. Conversion Result Read Timing (If Conversion Result Is Normal)

End of A/D conversion

|

ADCRO X Normal conversion result
INTADO | |
ADCSO0

A/D conversion stops. Normal conversion

result is read.

174 User's Manual U14186EJ6VOUD



CHAPTER 12 8-BIT A/D CONVERTER (¢#PD789167 AND 789167Y SUBSERIES)

6)

@)

()

©

Noise prevention

To maintain a resolution of 8 bits, watch out for noise on the AVrer and ANIO to ANI7 pins. The higher the
output impedance of the analog input source, the larger the effect from noise. To reduce noise, attach an
external capacitor to the relevant pins as shown in Figure 12-10.

Figure 12-10. Analog Input Pin Handling

If noise AVrer or higher or AVss or lower is likely
to enter the ANIO to ANI7 pins, clamp the
voltage at the pin by attaching a diode with

a small VF (0.3 V or lower).

Reference voltage input O ‘ / AVREer
, ANIO to ANI7
j_ Vopo
C =100 to 1,000 pF AVop
AVss
Vsso
a

ANIO to ANI7

The analog input pins (ANIO to ANI7) are alternate-function pins. They are used also as port pins (P60 to
P67).

If any of ANIO to ANI7 has been selected for A/D conversion, do not execute input instructions for the ports.
Otherwise, the conversion resolution may become lower.

If a digital pulse is applied to a pin adjacent to the analog input pins during A/D conversion, coupling noise
may occur which prevents an A/D conversion result from being obtained as expected. Avoid applying a
digital pulse to pins adjacent to the analog input pins during A/D conversion.

Input impedance of ANIO to ANI7 pins

This A/D converter charges the internal sampling capacitor for about 1/10 of the conversion time, and
performs sampling.

Therefore at times other than sampling, only the leak current is output. During sampling, the current for
charging the capacitor is also output, so the input impedance fluctuates and has no meaning.

However, to ensure adequate sampling, it is recommended that the output impedance of the analog input
source be set to below 10 kQ, or a 100 pF capacitor be connected to the ANIO to ANI7 pins (see Figure 12-
10).

Input impedance of the AVRer pin

A series resistor string of several 10 kQ is connected across the AVrer and AVss pins.

If the output impedance of the reference voltage source is high, this high impedance is eventually connected
in series with the series resistor string across the AVRrer and AVss pins, leading to a higher reference voltage
error.
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(10) Interrupt request flag (ADIFO0)

Changing the content of A/D converter mode register 0 (ADMO0) does not clear the interrupt request flag
(ADIFO).

If the analog input pins are changed during A/D conversion, therefore, the A/D conversion result and the
conversion end interrupt request flag may reflect the previous analog input immediately before writing to
ADMO occurs. In this case, ADIFO may already be set if it is read-accessed immediately after ADMO is write-
accessed, even when A/D conversion has not been completed for the new analog input.

In addition, when A/D conversion is restarted, ADIFO must be cleared beforehand.

Figure 12-11. A/D Conversion End Interrupt Request Generation Timing

Rewriting to ADMO Rewriting to ADMO
(to begin conversion (to begin conversion ADIFO has been set, but conversion
for ANIn) for ANIm) ( for ANIm has not been completed.
. |
A/D conversion ANIn ANIn 1 ANIm ANIm

—
—

L L
| 1 1
ADCRO >< ANIn >< : ANIn >< ANIm >< ANIm

INTADO

Remarks 1. n= 0to7
2. m=0to7

(11) AVop pin

176

The AVop pin is used to supply power to the analog circuit. It is also used to supply power to the ANIO to
ANI7 input circuit.

If your application is designed to be changed to backup power, the AVop pin must be supplied with the same
voltage level as for the Voo pin, as shown in Figure 12-12.

Figure 12-12. AVob Pin Handling

Vobo
AVop
Main power Backup
source T capacitor
Vsso
AVss
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13.1 10-Bit A/D Converter Functions

The 10-bit A/D converter is a 10-bit resolution converter that converts an analog input to a digital signal. This
converter can control eight channels (ANIO to ANI7) of analog inputs.

A/D conversion can be started only by software.
One of analog inputs ANIO to ANI7 is selected for A/D conversion. A/D conversion is performed repeatedly, with
an interrupt request (INTADO) being issued each time A/D conversion is completed.

13.2 10-Bit A/D Converter Configuration

The 10-bit A/D converter consists of the following hardware.

Table 13-1. Configuration of 10-Bit A/D Converter

ltem

Configuration

Analog input

8 channels (ANIO to ANI7)

Registers

Successive approximation register (SAR)
A/D conversion result register 0 (ADCRO0)

Control registers

A/D converter mode register 0 (ADMO)
A/D input selection register 0 (ADS0)

User's Manual U14186EJ6VOUD 177



CHAPTER 13 10-BIT A/D CONVERTER (¢PD789177 AND 789177Y SUBSERIES)

Figure 13-1. Block Diagram of 10-Bit A/D Converter

ANIO/P60 ©——=] {>Q
ANI1/P61 ©——=
ANI2/P62 ©—]
ANI3/P63 ©—=
ANI4/P64 O— ; :
ANI5/P65 ©——= ] :
ANI6/P66 O] ' _L :
ANI7/P67 @] : :
' :
! 1
' 1
1

Sample-and-hold circuit

Selector
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Voltage comparator

Tap selector

Successive
approximation
register (SAR)

Controller| INTADO

A/D conversion result
register 0 (ADCRO)

3
ADS02 | ADS01|ADS00 ADCSO0| FRO2 | FRO1 | FROO
A/D input selection A/D converter mode
register 0 (ADSO0) register 0 (ADMO)

Internal bus S

(1) Successive approximation register (SAR)
SAR receives the result of comparing an analog input voltage and a voltage at a voltage tap (comparison
voltage), received from the series resistor string, starting from the most significant bit (MSB).
Upon receiving all the bits, down to the least significant bit (LSB), that is, upon the completion of A/D
conversion, SAR sends its contents to A/D conversion result register 0 (ADCRO).

(2) A/D conversion result register 0 (ADCRO0)
ADCRQO is a 16-bit register that holds the result of A/D conversion. The lower 6 bits are fixed to 0. Each time
A/D conversion ends, the conversion result in the successive approximation register is loaded into ADCRO.
The results are stored in ADCRO from the most significant bit (MSB).
ADCRO can be read with a 16-bit memory manipulation instruction.
RESET input sets ADCRO to 0000H.

Symbol FF15H FF14H Address After reset R/W
FF14H,
woro T T T [ T T T 1 T Tolololololo]fs omm -

Caution When the xPD78F9177, the flash memory counterpart of the 4PD789166 or 4/PD789167, is
used, the register can be accessed in 8-bit units. However, only an object file assembled
with the ©PD789166 or 4PD789167 can be used. The same is also true for the
UPD78F9177Y, the flash memory counterpart of the 4PD789166Y or xPD789167Y. When the
HPD78F9177Y is used, the register can be accessed in 8-bit units. However, only an object
file assembled with the 4PD789166Y or 4PD789167Y can be used.
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Sample-and-hold circuit
The sample-and-hold circuit samples consecutive analog inputs from the input circuit, one by one, and sends
them to the voltage comparator. The sampled analog input voltage is held during A/D conversion.

Voltage comparator
The voltage comparator compares an analog input with the voltage output by the series resistor string.

Series resistor string
The series resistor string is configured between AVRer and AVss. It generates the reference voltages against
which analog inputs are compared.

ANIO to ANI7
The ANIO to ANI7 pins are the 8-channel analog input pins for the A/D converter. They are used to receive
the analog signals for A/D conversion.

Caution Do not supply the ANIO to ANI7 pins with voltages that fall outside the rated range. If a
voltage greater than or equal to AVrer or less than or equal to AVss (even if within the
absolute maximum ratings) is supplied to any of these pins, the conversion value for the
corresponding channel will be undefined. Furthermore, the conversion values for the other
channels may also be affected.

AVREF pin

This pin inputs the A/D converter reference voltage.

It converts signals input to ANIO to ANI7 into digital signals according to the voltage applied between AVRer
and AVss.

AVss pin
The AVss pin is a ground potential pin for the A/D converter. This pin must be held at the same potential as
the Vsso pin, even while the A/D converter is not being used.

AVop pin

The AVop pin is an analog power supply pin for the A/D converter. This pin must be held at the same
potential as the Vboo pin, even while the A/D converter is not being used.
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13.3 10-Bit A/D Converter Control Registers

The following two registers are used to control the 10-bit A/D converter.

e A/D converter mode register 0 (ADMO)
¢ A/D input selection register 0 (ADSO0)

(1) A/D converter mode register 0 (ADMO)

ADMO specifies the conversion time for analog inputs. It also specifies whether to enable conversion.
ADMO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ADMO to 00H.

Figure 13-2. Format of A/D Converter Mode Register 0

Symbol  <7> 6 5 4 3 2 1 0 Address  Afterreset R/W
apMo| ADCSO | o | FRo2 | FRot | FRoo | o | o | o | FreoH  ooH RW
ADCSO0 A/D conversion control
0 Conversion disabled
1 Conversion enabled
FRO2 FRO1 FROO A/D conversion time selection™"
At fx = 10.0 MHz operation™** At fx = 5.0 MHz operation
0 0 144/fx 14.4 us 28.8 us
0 0 1 120/fx 12.0 us 24.0 us
0 1 0 96/fx Setting prohibited"™** 19.2 us
1 0 0 72/fx Setting prohibited"™** 14.4 us
1 0 1 60/fx Setting prohibited"™*® 12.0 ps™**
1 1 0 48/fx Setting prohibited"™**
Other than above Setting prohibited
Notes 1. Set the A/D conversion time so that it satisfies the following ratings.
<Expanded-specification products>
45<AVRer<AVpD=VDD <55V ..... 12 us min.
27<AVRer<AVob=VboD <45V .... 14 us min.
1.8<AVRer <AVpoD=VDD<2.7V ... 28 us min.
<Conventional products>
2.7<AVRer <AVoD=VDD <55V ..... 14 us min.
1.8<AVREF < AVpoD=VDD<2.7V ..... 28 us min.
2. Expanded-specification products only.
3. Setting prohibited because the A/D conversion time cannot satisfy the ratings in Note 1 during
operation under these fx conditions.
4. Can only be set for expanded-specification products under the following conditions:
4.5 < AVRer < AVop = Vob £ 5.5 V. Other settings are prohibited.
Cautions 1. The result of conversion performed immediately after bit 7 (ADCSO0) is set is undefined.
2. The conversion result may be undefined after ADCS0 has been cleared to 0 (For
details, see 13.5 (5) Timing of undefined A/D conversion result).
Remark fx: Main system clock oscillation frequency
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(2) A/D input selection register 0 (ADS0)
ADSO specifies the port used to input the analog voltage to be converted to a digital signal.
ADSO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ADSO to 00H.

Figure 13-3. Format of A/D Input Selection Register 0

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
apso [ o | o | o | o | o | ADsoz]| ADsot | ADS00 | FFaaH 00H RW
ADS02 | ADS01 | ADS00 Analog input channel specification

0 0 0 ANIO

0 0 1 ANN

0 1 0 ANI2

0 1 1 ANI3

1 0 0 ANI4

1 0 1 ANI5

1 1 0 ANI6

1 1 1 ANI7

Caution Bits 3 to 7 must all be set to 0.

User's Manual U14186EJ6VOUD

181



CHAPTER 13 10-BIT A/D CONVERTER (¢PD789177 AND 789177Y SUBSERIES)

13.4 10-Bit A/D Converter Operation

13.4.1 Basic operation of 10-bit A/D converter

<1>
<2>
<3>

<4>

<5>

<6>

<7>
<8>

Select a channel for A/D conversion, using A/D input selection register 0 (ADSO).

The voltage supplied to the selected analog input channel is sampled using the sample and hold circuit.
After sampling continues for a certain period of time, the sample and hold circuit is put on hold to keep
the input analog voltage until A/D conversion is completed.

Bit 9 of the successive approximation register (SAR) is set. The series resistor string tap voltage at the
tap selector is set to half of AVRer.

The series resistor string tap voltage is compared with the analog input voltage using the voltage
comparator. If the analog input voltage is higher than half of AVrer, the MSB of SAR is left set. Ifitis
lower than half of AVrer, the MSB is reset.

Bit 8 of SAR is set automatically, and comparison shifts to the next stage. The next tap voltage of the
series resistor string is selected according to bit 9, which reflects the previous comparison result, as
follows:

e Bit 9 = 1: Three quarters of AVRer

e Bit 9 = 0: One quarter of AVRer

The tap voltage is compared with the analog input voltage. Bit 8 is set or reset according to the result of
comparison.

e Analog input voltage > tap voltage: Bit8 =1

¢ Analog input voltage < tap voltage: Bit8 =0

Comparison is repeated until bit 0 of SAR is reached.

When comparison is completed for all of the 10 bits, a significant digital result is left in SAR. This value is
sent to and latched in A/D conversion result register 0 (ADCRO0). At the same time, it is possible to
generate an A/D conversion end interrupt request (INTADO).

Cautions 1. The first A/D conversion value immediately after A/D conversion has been started may be

182

undefined.
2. In standby mode, A/D converter operation is stopped.
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Figure 13-4. Basic Operation of 10-Bit A/D Converter

Conversion
Sampling time
time
A/D cqnverter Sampling A/D conversion
operation

300H .
SAR Undefined X 200H or Con\lltersmn
100H resu

\

Conversion
result

INTADO _|

A/D conversion continues until bit 7 (ADCSO0) of A/D converter mode register 0 (ADMO) is reset to 0 by software.

If an attempt is made to write to ADMO or A/D input selection register 0 (ADSO0) during A/D conversion, the
ongoing A/D conversion is canceled. In this case, A/D conversion is restarted from the beginning, if ADCSO is set to
1.

RESET input makes A/D conversion result register 0 (ADCRO) undefined.

ADCRO

13.4.2 Input voltage and conversion result
The relationships between the analog input voltage at the analog input pins (ANIO to ANI7) and the A/D
conversion result (A/D conversion result register 0 (ADCRO0)) are represented by:
VIN

ADCRO = INT (07— x 1,024 + 0.5)

or

(ADCRO - 0.5) x % < Vin < (ADCRO + 0.5) x AVREF

,024 1,024

INT( ):  Function that returns the integer part of a parenthesized value
VIN: Analog input voltage

AVrer:  Voltage of AVRerF pin

ADCRO: Value in A/D conversion result register 0 (ADCRO)

Figure 13-5 shows the relationship between the analog input voltage and the A/D conversion result.
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Figure 13-5. Relationship Between Analog Input Voltage and A/D Conversion Result

1023 — 1 T T [ | T~~~

1,022 ———F—F——F—F -

1,021 —-a--

|
A/D conversion
result (ADCRO) |

3 -

1 1 3 2 5 3 2,043 1,022 2,045 1,023 2,047 1

2,048 1,024 2,048 1,024 2,048 1,024 2,048 1,024 2,048 1,024 2,048

Input voltage/AVop
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13.4.3 Operation mode of 10-bit A/D converter
The A/D converter is initially in select mode. In this mode, A/D input selection register 0 (ADSO0) is used to select
an analog input channel from ANIO to ANI7 for A/D conversion.

A/D conversion can be started only by software; that is, by setting A/D converter mode register 0 (ADMO).

The A/D conversion result is saved to A/D conversion result register 0 (ADCRO0). At the same time, an interrupt

request signal (INTADO) is generated.

e Software-started A/D conversion

Setting bit 7 (ADCSO0) of A/D converter mode register 0 (ADMO) to 1 triggers A/D conversion for the voltage
Upon completion of A/D
conversion, the conversion result is saved to A/D conversion result register 0 (ADCRO0). At the same time, an

applied to the analog input pin specified in A/D input selection register 0 (ADSO).

interrupt request signal (INTADO) is generated. Once A/D conversion is activated, and completed, another

session of A/D conversion is started. A/D conversion is repeated until new data is written to ADMO.

If data

where ADCSO is 1 is written to ADMO again during A/D conversion, the ongoing session of A/D conversion is

discontinued, and a new session of A/D conversion begins for the new data.

written to ADMO again during A/D conversion, A/D conversion is stopped immediately.

Figure 13-6. Software-Started A/D Conversion

Rewriting ADMO

Rewriting ADMO

ADCSO0 =1 ADCSO0 =1 ADCS0 =0
A/D conversion ANIn ANIn ANIn ANIm ANIm
Conversion is
discontinued; ——— Stop

no conversion

result is preserved.

ADCRO

ANIn

ANIn

ANIm

INTADO

Remarks 1. n=0to7
2. m=0to7
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13.5 Cautions Related to 10-Bit A/D Converter
(1) Current consumption in standby mode
In standby mode, the A/D converter stops operating. Stopping conversion (bit 7 (ADCSO0) of A/D converter
mode register 0 (ADMO) = 0) can reduce the current consumption.

Figure 13-7 shows how to reduce the current drain in standby mode.

Figure 13-7. How to Reduce Current Consumption in Standby Mode

AVRer ©

P-ch } Q<} ADCS0

Series resistor string

AVss ©

(2) Input range for ANIO to ANI7 pins
Be sure to keep the input voltage at ANIO to ANI7 within its rating. If a voltage greater than or equal to AVRer
or less than or equal to AVss (even within the absolute maximum rating) is input into a conversion channel,
the conversion output of the channel becomes undefined, and the conversion output of the other channels
may also be affected.

(3) Conflict

<1> Conflict between writing to A/D conversion result register 0 (ADCRO0) at the end of conversion and
reading from ADCRO using instruction
Reading from ADCRO takes precedence. After reading, the new conversion result is written to ADCRO.

<2> Conflict between writing to ADCRO at the end of conversion and writing to A/D converter mode register 0
(ADMO) or A/D input selection register 0 (ADSO0)
Writing to ADMO or ADSO takes precedence. ADCRO is not written to. No A/D conversion end interrupt
request signal (INTADO) is generated.

(4) Conversion result immediately after start of A/D conversion

The first A/D conversion value immediately after A/D conversion has been started is undefined. Poll the A/D
conversion end interrupt request (INTADO) and drop the first conversion result.
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(5) Timing of undefined A/D conversion result
The A/D conversion value may become undefined if the timing of the completion of A/D conversion and that
to stop the A/D conversion operation conflict. Therefore, read the A/D conversion result while the A/D
conversion operation is in progress. To read the A/D conversion result after the A/D conversion operation
has been stopped, stop the A/D conversion operation before the next conversion operation is completed.
Figures 13-8 and 13-9 show the timing at which the conversion result is read.

Figure 13-8. Conversion Result Read Timing (If Conversion Result Is Undefined)

End of A/D conversion End of A/D conversion
ADCRO X Normal conversion result X Undefined value
INTADO | |

ADCS0 |

! T !

Normal conversion result is read. A/D conversion Undefined value
stops. is read.

Figure 13-9. Conversion Result Read Timing (If Conversion Result Is Normal)

End of A/D conversion

l

ADCRO X Normal conversion result
INTADO | |
ADCSO0

T

A/D conversion stops. Normal conversion
result is read.
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Noise prevention

To maintain a resolution of 10 bits, watch out for noise on the AVrer and ANIO to ANI7 pins. The higher the
output impedance of the analog input source, the larger the effect from noise. To reduce noise, attach an
external capacitor to the relevant pins as shown in Figure 13-10.

Figure 13-10. Analog Input Pin Handling

If noise AVrer or higher or AVss or lower is likely
to enter the ANIO to ANI7 pin, clamp the

voltage at the pin by attaching a diode with

a small VF (0.3 V or lower).

Reference voltage input O * / AVRer
' ANIO to ANI7
——
_L Voo
C =100 to 1,000 pF AVop
AVss
Vsso
777

ANIO to ANI7

The analog input pins (ANIO to ANI7) are alternate-function pins. They are used also as port pins (P60 to
P67).

If any of ANIO to ANI7 has been selected for A/D conversion, do not execute input instructions for the ports.
Otherwise, the conversion resolution may become lower.

If a digital pulse is applied to a pin adjacent to the analog input pins during A/D conversion, coupling noise
may occur which prevents an A/D conversion result from being obtained as expected. Avoid applying a
digital pulse to pins adjacent to the analog input pins during A/D conversion.

Input impedance of ANIO to ANI7 pins

This A/D converter charges the internal sampling capacitor for about 1/10 of the conversion time, and
performs sampling.

Therefore at times other than sampling, only the leak current is output. During sampling, the current for
charging the capacitor is also output, so the input impedance fluctuates and has no meaning.

However, to ensure adequate sampling, it is recommended that the output impedance of the analog input
source be set to below 10 kQ, or a 100 pF capacitor be connected to the ANIO to ANI7 pins (see Figure 13-
10).

Input impedance of the AVgerF pin

A series resistor string of several 10 kQ is connected across the AVrer and AVss pins.

If the output impedance of the reference voltage source is high, this high impedance is eventually connected
in series with the series resistor string across the AVRrer and AVss pins, leading to a higher reference voltage
error.
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(10) Interrupt request flag (ADIF0)
Changing the content of A/D converter mode register 0 (ADMO0) does not clear the interrupt request flag
(ADIFO).
If the analog input pins are changed during A/D conversion, therefore, the A/D conversion result and the
conversion end interrupt request flag may reflect the previous analog input immediately before writing to
ADMO occurs. In this case, ADIFO may already be set if it is read-accessed immediately after ADMO is write-
accessed, even when A/D conversion has not been completed for the new analog input.
In addition, when A/D conversion is restarted, ADIFO must be cleared beforehand.

Figure 13-11. A/D Conversion End Interrupt Request Generation Timing

Rewriting to ADMO Rewriting to ADMO
(to begin conversion (to begin conversion ADIFO has been set, but conversion
for ANIn) for ANIm) ‘/ for ANIm has not been completed.
1
A/D conversion ANIn ANIn ! ANIm ANIm

t L
1
ADCRO >< ANIn ><

L t
| 1 |

ANIn >< ANIm >< ANIm

INTADO

Remarks 1. n= 0to7
2. m=0to7

(11) AVop pin
The AVop pin is used to supply power to the analog circuit. It is also used to supply power to the ANIO to
ANI7 input circuit.
If your application is designed to be changed to backup power, the AVop pin must be supplied with the same
voltage level as for the Voo pin, as shown in Figure 13-12.

Figure 13-12. AVob Pin Treatment

Voo
AVop
Main power Backup
supply T capacitor
. Vsso
AVss
77
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14.1 Functions of Serial Interface 20

Serial interface 20 has the following three modes.
¢ Operation stop mode

¢ Asynchronous serial interface (UART) mode

e 3-wire serial I/O mode

(1

()

3)

Operation stop mode
This mode is used when serial transfer is not performed. Power consumption is minimized in this mode.

Asynchronous serial interface (UART) mode

This mode is used to send and receive the one byte of data that follows a start bit. It supports full-duplex
communication.

Serial interface 20 contains an UART-dedicated baud rate generator, enabling communication over a wide
range of baud rates. It is also possible to define baud rates by dividing the frequency of the clock input to the
ASCK20 pin.

3-wire serial I/O mode (switchable between MSB-first and LSB-first transmission)

This mode is used to transmit 8-bit data, using three lines: a serial clock (SCK20) line and two serial data
lines (S120 and SO20).

As it supports simultaneous transmission and reception, 3-wire serial I/O mode requires less processing time
for data transmission than asynchronous serial interface mode.

Because, in 3-wire serial I/O mode, it is possible to select whether 8-bit data transmission begins with the
MSB or LSB, serial interface 20 can be connected to any device regardless of whether that device is
designed for MSB-first or LSB-first transmission.

3-wire serial 1/0 mode is useful for connecting peripheral 1/0 circuits and display controllers having
conventional synchronous serial interfaces, such as those of the 75XL, 78K, and 17K Series devices.

14.2 Configuration of Serial Interface 20

Serial interface 20 consists of the following hardware.

Table 14-1. Configuration of Serial Interface 20

ltem Configuration

Registers Transmission shift register 20 (TXS20)

Reception shift register 20 (RXS20)
Reception buffer register 20 (RXB20)

Control registers Serial operation mode register 20 (CSIM20)

Asynchronous serial interface mode register 20 (ASIM20)
Asynchronous serial interface status register 20 (ASIS20)
Baud rate generator control register 20 (BRGC20)

Port mode register 2 (PM2)

Port 2 (P2)
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Figure 14-1. Block Diagram of Serial Interface 20

S

Internal bus S
Serial operation mode Asynchronous serial interface Asynchronous serial interface
register 20 (CSIM20) ‘ ‘ status register 20 (ASIS20) mode register 20 (ASIM20)
CSIE20| SSE20|DAP20| DIR20|CSCK20|CKP20| | Reception buffer PE20 | FE20 |OVE20 TXE20|RXE20 |PS201|PS200 |CL20|SL20
register 20 (RXB20)
! T 17 A S
Switching of the first bit LN VA
Transmission shift
register 20 (TXS20) | Transmission
SI20/P22/ o Reception shift T T T T 1111 shiftclock
RxD20 register 20 (RXS20) o
Out(p;zt:?tch Port mode Reception T T|Selectorj=—Csie20
register (PM21) | shift clock Data phase oAP20
SO20/P21/ © 4 control
TxD20 O Parity operation
Stop bit addition
“ 4 | Transmission data counter INTST20
| __ Parity detection SL20, CL20, PS200, PS201
Stop bit detection INTSR20/INTCSI20
Reception data counter Transmissi‘on
T Reception enabled and reception
V Reception clock clock control [Bayqrate  ||~—— CSIE20
Start bit : generator™®® |l« cSCK20
detection Detection clock 1 /2 to f28
Reception detected
Va
\ ? ? ]
SS20/P25/ .
TI180 © " < ° C?IEzo Internal clock TPS203(TPS202| TPS201|TPS200
N CSCK20 output Baud rate generator
Clock phase 9
scazgg;zzog © conrt)rol G control register 20 (BRGCZO)‘ ‘
External clock input | |
S Internal bus %

Note See Figure 14-2 for the configuration of the baud rate generator.
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Figure 14-2. Block Diagram of Baud Rate Generator 20
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Transmission shift register 20 (TXS20)

TXS20 is a register in which transmission data is prepared. The transmission data is output from TXS20 bit
serially.

When the data length is seven bits, bits 0 to 6 of the data in TXS20 will be transmission data. Writing data to
TXS20 triggers transmission.

TXS20 can be written with an 8-bit memory manipulation instruction, but cannot be read.

RESET input sets TXS20 to FFH.

Caution Do not write to TXS20 during transmission.
TXS20 and reception buffer register 20 (RXB20) are mapped at the same address, so any
attempt to read from TXS20 results in a value being read from RXB20.

Reception shift register 20 (RXS20)

RXS20 is a register in which serial data, received at the RxD20 pin, is converted to parallel data. Once one
entire byte has been received, RXS20 feeds the reception data to reception buffer register 20 (RXB20).
RXS20 cannot be manipulated directly by a program.

Reception buffer register 20 (RXB20)

RXB20 holds reception data. A new reception data is transferred from reception shift register 20 (RXS20)
every 1-byte data reception.

When the data length is seven bits, the reception data is sent to bits 0 to 6 of RXB20, in which the MSB is
always fixed to 0.

RXB20 can be read with an 8-bit memory manipulation instruction, but cannot be written.

RESET input makes RXB20 undefined.

Caution RXB20 and transmission shift register 20 (TXS20) are mapped at the same address, so any
attempt to write to RXB20 results in a value being written to TXS20.

Transmission controller

The transmission controller controls transmission. For example, it adds start, parity, and stop bits to the data
in transmission shift register 20 (TXS20), according to the setting of asynchronous serial interface mode
register 20 (ASIM20).

Reception controller

The reception controller controls reception according to the setting of asynchronous serial interface mode
register 20 (ASIM20). It also checks for errors, such as parity errors, during reception. If an error is detected,
asynchronous serial interface status register 20 (ASIS20) is set according to the status of the error.
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14.3 Control Registers of Serial Interface 20

Serial interface 20 is controlled by the following registers.

o Serial operation mode register 20 (CSIM20)
Asynchronous serial interface mode register 20 (ASIM20)
Asynchronous serial interface status register 20 (ASIS20)
Baud rate generator control register 20 (BRGC20)

Port mode register 2 (PM2)

Port 2 (P2)

(1) Serial operation mode register 20 (CSIM20)
CSIM20 is used to make the settings related to 3-wire serial /O mode.
CSIM20 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIM20 to 00H.

Figure 14-3. Format of Serial Operation Mode Register 20

Symbol <7> 6 5 4 3 2 1 0 Address  After reset R/W
CSsIM20 |CSIE20‘SSE20‘ 0 ‘ 0 ‘DAPZO‘ DIR20 ‘CSCKZO‘ CKP20| FF72H 00H R/W
CSIE20 3-wire serial /0 mode operation control

0 Operation disabled

1 Operation enabled

SSE20 SS20-pin selection Function of SS20/P25 pin Communication status
0 Not used Port function Communication enabled
1 Used 0 Communication enabled
1 Communication disabled
DAP20 3-wire serial /O mode data phase selection

0 Output at the falling edge of SCK20.

1 Output at the rising edge of SCK20.

DIR20 First-bit specification
0 MSB
1 LSB
CSCK20 3-wire serial I/O mode clock selection

0 External clock input to the SCK20 pin

1 Output of the dedicated baud rate generator

CKP20 3-wire serial /0 mode clock phase selection

0 Clock is active-low , and SCK20 is high level in the idle state.

1 Clock is active-high , and SCK20 is low level in the idle state.

Cautions 1. Bits 4 and 5 must be set to 0.
2. CSIM20 must be cleared to 00H, if UART mode is selected.
3. Switch operating modes after halting the serial transmit/receive operation.
4. When the external input clock is selected in 3-wire serial /O mode, set input mode by
setting bit 0 of port mode register 2 (PM2) to 1.
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(2) Asynchronous serial interface mode register 20 (ASIM20)
ASIM20 is used to make the settings related to the asynchronous serial interface mode.
ASIM20 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ASIM20 to O0H.

Figure 14-4. Format of Asynchronous Serial Interface Mode Register 20

Symbol <7> <6> 5 4 3 2 1 0 Address  After reset R/W
ASIM20  [TXE20|RXE20|PS201|Ps200] cL2o [ st2o| o | o | FF7oH 00H RIW
TXE20 Transmit operation control

0 | Transmit operation stop

1 Transmit operation enable

RXE20 Receive operation control

0 Receive operation stop

1 Receive operation enable

PS201|PS200 Parity bit specification

0 0 | No parity

0 1 Always add 0 parity at transmission.
Parity check is not performed at reception (No parity error is generated).

1 0 | Odd parity

1 1 Even parity
CL20 Transmit data character length specification
0 | 7 bits
1 8 bits
SL20 Transmit data stop bit length
0 |1bit
1 2 bits

Cautions 1. Bits 0 and 1 must be set to 0.
2. If 3-wire serial I/O mode is selected, ASIM20 must be cleared to 00H.

3. Switch operating modes after halting serial transmit/receive operation.
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Table 14-2. Operating Mode Settings of Serial Interface 20

(1) Operation stop mode

ASIM20 CSIM20 PM22 | P22 |PM21| P21 |PM20| P20 | First | Shift | P22/SI120/ | P21/SO20/ | P20/SCK20/
TXE20|RXE20| CSIE20 | DIR20 |CSCK20 Bit | Clock | RxD20 Pin | TxD20 Pin | ASCK20 Pin
Function Function Function
0 0 0 % X ><Nole 1 ><Nule 1 XNole 1 ><Nole 1 ><Nule 1 ><Nule 1 _ _ P22 P21 P20
Other than above Setting prohibited
(2) 3-wire serial I/0 mode
ASIM20 CSIM20 PM22 | P22 |PM21| P21 |PM20| P20 | First | Shift | P22/SI120/ | P21/SO20/ | P20/SCK20/
TXE20|RXE20| CSIE20 | DIR20 |CSCK20 Bit | Clock | RxD20 Pin | TxD20 Pin | ASCK20 Pin
Function Function Function
0 0 1 0 0 X2 | et 0 1 1 X MSB [External| SI20""* S020 SCK20
clock (CMOS output) | input
1 0 1 Internal SCK20
clock output
1 1 0 1 X LSB |External SCK20
clock input
1 0 1 Internal SCK20
clock output
Other than above Setting prohibited
(8) Asynchronous serial interface mode
ASIM20 CSIM20 PM22 | P22 |PM21| P21 |PM20| P20 | First | Shift | P22/SI20/ | P21/SO20/ | P20/SCK20/
TxE20|RXE20| CSIE20 | DIR20 |CSCK20 Bit | Clock | RxD20 Pin | TxD20 Pin | ASCK20 Pin
Function Function Function
1 0 0 0 0 )T [t 0 1 1 X LSB |External| P22 TxD20 ASCK20
clock (CMOS output) | input
st |yt Internal P20
clock
0 1 0 0 0 1 X et | et 1 X External| RxD20 P21 ASCK20
clock input
et |yt Internal P20
clock
1 1 0 0 0 1 X 0 1 1 X External TxD20 ASCK20
clock (CMOS output) |input
et |yt Internal P20
clock
Other than above Setting prohibited

Notes 1. These pins can be used for port functions.
2. When only transmission is used, this pin can be used as P22 (CMOS I/O).

Remark x: Don't care.
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(3) Asynchronous serial interface status register 20 (ASIS20)
ASIS20 indicates the type of a reception error, if an error occurs while asynchronous serial interface mode is

set.

ASIS20 is set with a 1-bit or 8-bit memory manipulation instruction.
The contents of ASIS20 are undefined in 3-wire serial I/O mode.
RESET input clears ASIS20 to O0H.

Figure 14-5. Format of Asynchronous Serial Interface Status Register 20

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
ASIS20 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ PE20 ‘ FE20 ‘OVE20| FF71H 00H R
PE20 Parity error flag
0 No parity error has occurred.
1 A parity error has occurred (when the transmit parity and receive parity do not match).
FE20 Flaming error flag
0 | No framing error has occurred.
1 A framing error has occurred (when stop bit is not detected).Note !
OVE20 Overrun error flag
0 No overrun error has occurred.
1 | An overrun error has occurred.Note 2
(when the next receive operation is completed before the data is read from reception buffer register 20)
Notes 1. Even when the stop bit length is set to 2 bits by setting bit 2 (SL20) of asynchronous serial
interface mode register 20 (ASIM20), the stop bit detection at reception is performed with 1 bit.
2. Be sure to read reception buffer register 20 (RXB20) when an overrun error occurs. If not, every

time the data is received an overrun error occurs.
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(4) Baud rate generator control register 20 (BRGC20)

BRGC20 is used to specify the serial clock for serial interface 20.

BRGC20 is set with an 8-bit memory manipulation instruction.

RESET input clears BRGC20 to 00H.

Figure 14-6. Format of Baud Rate Generator Control Register 20
Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W
BRGCZOl TPS203 | TPS202 | TPS201 | TPS200 | 0 | 0 | 0 | 0 | FF73H O00H R/W
TPS203 | TPS202 | TPS201 | TPS200 3-bit counter source clock selection n
At fx =10.0 MHz At fX =5.0 MHz
operation"™®’ operation
0 0 0 0 x/2 5.00 MHz 2.50 MHz 1
0 0 0 1 fx/2° 2.50 MHz 1.25 MHz 2
0 0 1 0 fx/2° 1.25 MHz 625 kHz 3
0 0 1 1 fx/2* 625 kHz 313 kHz 4
0 1 0 0 |2 313 kHz 156 kHz 5
0 1 0 1 fx/2° 156 kHz 78.1 kHz 6
0 1 1 0 fx/2’ 78.1 kHz 39.1 kHz 7
0 1 1 1 fx/2° 39.1 kHz 19.5 kHz 8
1 0 0 0 External clock input to the ASCK20 pin"**? -
Other than above Setting prohibited

198

Notes 1. Expanded-specification products only.
2. An external clock can be used only in UART mode.

Cautions 1. When writing to BRGCO0 is performed during a communication operation, the output of

baud rate generator is disrupted and communications cannot be performed normally.
Be sure not to write to BRGC00 during communication operations.

2. Be sure not to select n =1 in UART mode when fx > 2.5 MHz because the baud rate will
exceed the rated range.

3. Be sure not to select n =2 in UART mode when fx > 5.0 MHz because the baud rate will
exceed the rated range.

4. Be sure not to select n = 1 in 3-wire serial /O mode when fx > 5.0 MHz because the
serial clock specification will be exceeded.

5. When the external input clock is selected, set input mode by setting bit 0 of port mode
register 2 (PM2) to 1.

Remarks 1. fx: Main system clock oscillation frequency
2. n: Values determined by the settings of TPS200 to TPS203 (1 <n < 8)
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The baud rate transmit/receive clock to be generated is either a signal scaled from the system clock, or a
signal scaled from the clock input to the ASCK20 pin.

(a) Generation of baud rate transmit/receive clock from system clock
The transmit/receive clock is generated by scaling the system clock. The baud rate of a clock generated

from the system clock is estimated by using the following expression.

[Baud rate] =

fx: Main system clock oscillation frequency
n: Values in Figure 14-6, determined by the values of TPS200 to TPS203 (2 < n < 8)

fx
> %8 [bps]

Table 14-3. Example of Relationship Between System Clock and Baud Rate

Baud Rate At fx = 10.0 MHz"" At fx = 5.0 MHz At fx = 4.9152 MHz
(bps) n BRGC20 Error n BRGC20 Error n BRGC20 | Error
Set Value (%) Set Value (%) Set Value | (%)
1,200 - - 1.73 8 70H 1.73 8 70H 0
2,400 8 70H 7 60H 7 60H
4,800 7 60H 6 50H 6 50H
9,600 6 50H 5 40H 5 40H
19,200 5 40H 4 30H 4 30H
38,400 4 30H 3 20H 3 20H
76,800 3 20H 2 10H 2 10H

Note Expanded-specification products only.

Cautions 1.

Be sure not to select n = 1 during operation at fx > 2.5 MHz because
the baud rate will exceed the rated range.
Be sure not to select n = 2 during operation at fx > 5.0 MHz because
the baud rate will exceed the rated range.
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(b) Generation of baud rate transmit/receive clock from external clock input to ASCK20 pin
The transmit/receive clock is generated by scaling the clock input from the ASCK20 pin. The baud rate
of a clock generated from the clock input to the ASCK20 pin is calculated by using the following

expression.

ASCK

[Baud rate] = ascr

fasck: Frequency of clock input to the ASCK20 pin

Table 14-4. Relationship Between ASCK20 Pin Input Frequency
and Baud Rate (When BRGC20 Is Set to 80H)

Baud Rate (bps) ASCK20 Pin Input Frequency (kHz)
75 1.2
150 2.4
300 4.8
600 9.6

1,200 19.2
2,400 38.4
4,800 76.8
9,600 153.6
19,200 307.2
31,250 500.0
38,400 614.4

(c) Generation of 3-wire serial /O mode serial clock from system clock
The serial clock is generated by scaling the system clock. The serial clock frequency is calculated by
using the following expression. BRGC20 does not have to be set when the serial clock is input to the

SCK20 pin externally.
. fx
Serial clock frequency = o [HZ]

fx: System clock oscillation frequency
n: Value determined by settings of TPS200 to TPS203 in Fig. 14-6.
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14.4 Operation of Serial Interface 20
Serial interface 20 provides the following three modes.

¢ Operation stop mode
¢ Asynchronous serial interface (UART) mode
o 3-wire serial I/O mode

14.4.1 Operation stop mode
In operation stop mode, serial transfer is not executed; therefore, the power consumption can be reduced. The
P20/SCK20/ASCK20, P21/S0O20/TxD20, and P22/S120/RxD20 pins can be used as normal 1/O ports.

(1) Register setting
Operation stop mode is set by serial operation mode register 20 (CSIM20) and asynchronous serial interface
mode register 20 (ASIM20).

(a) Serial operation mode register 20 (CSIM20)
CSIM20 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIM20 to O0H.

Symbol  <7> 6 5 4 3 2 1 0 Address  After reset R/W
CsiM20 | CSiE20 | SSE20 | 0 0 | DAP20 | DIR20 | CscKk2o| kP20 | FF72H 00H RW
CSIE20 Operation control in 3-wire serial I/O mode

0 Operation disabled

1 Operation enabled

Caution Bits 4 and 5 must be set to 0.

User's Manual U14186EJ6VOUD 201




CHAPTER 14 SERIAL INTERFACE 20

(b) Asynchronous serial interface mode register 20 (ASIM20)
ASIM20 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ASIM20 to 00H.

Symbol  <7> <6> 5 4 3 2 1 0 Address  After reset R/wW
ASIM20 | TXE20 ‘ RXE20 ‘ PS201 ‘ PS200 ‘ CL20 ‘ SL20 ‘ 0 ‘ 0 | FF70H 00H R/W
TXE20 Transmit operation control
0 Transmit operation stopped
1 Transmit operation enabled
RXE20 Receive operation control
0 Receive operation stopped
1 Receive operation enabled

Caution Bits 0 and 1 must be set to 0.
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14.4.2 Asynchronous serial interface (UART) mode

In this mode, the one-byte data following the start bit is transmitted/received and thus full-duplex communication is
possible.

This device incorporates an UART-dedicated baud rate generator that enables communications at the desired
baud rate from many options. In addition, the baud rate can also be defined by dividing the clock input to the
ASCK20 pin.

The UART-dedicated baud rate generator also can output the 31.25 kbps baud rate that complies with the MIDI
standard.

(1) Register setting
UART mode is set by serial operation mode register 20 (CSIM20), asynchronous serial interface mode
register 20 (ASIM20), asynchronous serial interface status register 20 (ASIS20), baud rate generator control
register 20 (BRGC20), port mode register 2 (PM2), and port 2 (P2).
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(a) Serial operation mode register 20 (CSIM20)
CSIM20 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIM20 to 00H.
Set CSIM20 to 00H when UART mode is selected.

Symbol <7> 6 5 4 3 2 1 0 Address  After reset R/W
CSIM20 |CSIE20‘SSE20‘ 0 ‘ 0 ‘ DAP20 ‘ DIR20 ‘CSCKZO‘ CKP20| FF72H 00H R/W
CSIE20 3-wire serial I/O mode operation control

0 Operation disabled

1 Operation enabled

SSE20 SS20-pin selection Function of SS20/P25 pin Communication status
0 Not used Port function Communication enabled
1 Used 0 Communication enabled
1 Communication disabled
DAP20 3-wire serial I/O mode data phase selection

0 Outputs at the falling edge of SCK20.

1 Outputs at the rising edge of SCK20.

DIR20 First-bit specification
0 MSB
1 LSB
CSCK20) 3-wire serial I/O mode clock selection

0 External clock input to the SCK20 pin

1 Output of the dedicated baud rate generator

CKP20 3-wire serial /O mode clock phase selection

0 Clock is active-low, and SCK20 is high level in the idle state.

1 Clock is active-high, and SCK20 is low level in the idle state.

Cautions 1. Bits 4 and 5 must be set to 0.
2. CSIM20 must be cleared to 00H, if UART mode is selected.
3. Switch operating modes after halting serial transmit/receive operation.
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(b) Asynchronous serial interface mode register 20 (ASIM20)
ASIM20 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ASIM20 to 00H.

Symbol  <7> <6> 5 4 3 2 1 0 Address  After reset R/W
asiM0 | TxE20 | RXE20 | Ps20t | Ps200 | cleo | steo | o | o | FF7oH 00H RW
TXE20 Transmit operation control
0 Transmit operation stop
1 Transmit operation enable
RXE20 Receive operation control
0 Receive operation stop
1 Receive operation enable
PS201 PS200 Parity bit specification
0 0 No parity
0 1 Always add 0 parity at transmission.
Parity check is not performed at reception (no parity error is generated).
1 0 Odd parity
1 1 Even parity
CL20 Character length specification
0 7 bits
1 8 bits
SL20 Transmit data stop bit length specification
0 1 bit
1 2 bits

Cautions 1. Bits 0 and 1 must be set to 0.
2. Switch operating modes after halting the serial transmit/receive operation.

User's Manual U14186EJ6VOUD

205




CHAPTER 14 SERIAL INTERFACE 20

Symbol
ASIS20 |

206

(c) Asynchronous serial interface status register 20 (ASIS20)

ASIS20 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ASIS20 to 00H.

7 6 5 4 3 2 1 0 Address  After reset R/W
0 0 0 0 0 | PE20 | FE20 | OVE20 | FF7IH 00H R
PE20 Parity error flag
0 Parity error not generated
1 Parity error generated (when the parity of transmit data does not match)
FE20 Framing error flag
0 Framing error not generated
1 Framing error generated (when stop bit is not detected)Nete !
OVE20 Overrun error flag
0 Overrun error not generated
1 Overrun error generatedNote 2
(when the next receive operation is completed before data is read from reception buffer register 20)

Notes 1. Even when the stop bit length is set to 2 bits by setting bit 2 (SL20) of asynchronous serial
interface mode register 20 (ASIM20), the stop bit detection at reception is performed with 1
bit.

2. Be sure to read reception buffer register 20 (RXB20) when an overrun error occurs. If not,
every time the data is received an overrun error is generated.
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(d) Baud rate generator control register 20 (BRGC20)
BRGC20 is set with an 8-bit memory manipulation instruction.
RESET input clears BRGC20 to 00H.

Symbol 7 6 5 4 2 1 0 Address  Afterreset R/W
BRG020| TPS203 | TPS202 | TPS201 | TPS200 | 0 | 0 | 0 | FF73H 00H R/W
TPS203 | TPS202 | TPS201 | TPS200 3-bit counter source clock selection n
At fx = 10.0 MHz At fx = 5.0 MHz
operation"*® operation
0 0 0 0 fx/2 5.00 MHz 2.50 MHz 1
0 0 0 1 fx/2? 2.50 MHz 1.25 MHz 2
0 0 1 0 fx/2° 1.25 MHz 625 kHz 3
0 0 1 1 fx/2* 625 kHz 313 kHz 4
0 1 0 0 x/2° 313 kHz 156 kHz 5
0 1 0 1 fx/2° 156 kHz 78.1 kHz 6
0 1 1 0 fx/2’ 78.1 kHz 39.1 kHz 7
0 1 1 1 fx/2° 39.1 kHz 19.5 kHz 8
1 0 0 0 External clock input to the ASCK20 pin -
Other than above Setting prohibited

Note Expanded-specification products only.

Cautions 1.

Remarks 1.

2.

When writing to BRGC20 is performed during a communication operation, the

output of the baud rate generator is disrupted and communications cannot be

performed normally. Be sure not to write to BRGC20 during a communication

operation.

Be sure not to select n = 1 during operation at fx > 2.5 MHz because the baud rate

will exceed the rated range.

Be sure not to select n = 2 during operation at fx > 5.0 MHz because the baud rate

will exceed the rated range.

When the external input clock is selected, set input mode by setting bit 0 of port

mode register 2 (PM2) to 1.

fx: Main system clock oscillation frequency
n: Values determined by the settings of TPS200 to TPS203 (1 <n < 8)
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208

The baud rate transmit/receive clock to be generated is either a signal scaled from the system clock, or

a signal scaled from the clock input to the ASCK20 pin.

(i) Generation of baud rate transmit/receive clock from system clock

The transmit/receive clock is generated by scaling the system clock. The baud rate of a clock
generated from the system clock is estimated by using the following expression.

fx
[Baud rate] = 7 %8 [bps]

fx: Main system clock oscillation frequency

n: Values in the above table determined by the settings of TPS200 to TPS203 (2 <n < 8)

Table 14-5. Example of Relationship Between System Clock and Baud Rate

Baud Rate At fx = 10.0 MHZz""* At fx = 5.0 MHz At fx = 4.9152 MHz
(bps) n BRGC20 Error n BRGC20 Error n BRGC20 | Error
Set Value (%) Set Value (%) Set Value | (%)
1,200 - - 1.73 8 70H 1.73 8 70H 0
2,400 8 70H 7 60H 7 60H
4,800 7 60H 6 50H 6 50H
9,600 6 50H 5 40H 5 40H
19,200 5 40H 4 30H 4 30H
38,400 4 30H 3 20H 3 20H
76,800 3 20H 2 10H 2 10H

Note Expanded-specification products only.

Cautions 1.

Be sure not to select n = 1 during operation at fx > 2.5 MHz because
the baud rate will exceed the rated range.
Be sure not to select n = 2 during operation at fx > 5.0 MHz because
the baud rate will exceed the rated range.
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(ii) Generation of baud rate transmit/receive clock from external clock input to ASCK20 pin

The transmit/receive clock is generated by scaling the clock input from the ASCK20 pin. The baud
rate of a clock generated from the clock input to the ASCK20 pin is estimated by using the following

expression.

f
[Baud rate] = % [bps]

fasck: Frequency of clock input to ASCK20 pin

Table 14-6. Relationship Between ASCK20 Pin Input Frequency

and Baud Rate (When BRGC20 Is Set to 80H)

Baud Rate (bps) ASCK20 Pin Input Frequency (kHz)
75 1.2
150 2.4
300 4.8
600 9.6

1,200 19.2
2,400 38.4
4,800 76.8
9,600 153.6
19,200 307.2
31,250 500.0
38,400 614.4
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(2) Communication operation

210

(a) Data format

The transmit/receive data format is as shown in Figure 14-7. One data frame consists of a start bit,
character bits, parity bit, and stop bit(s).

The specification of character bit length in one data frame, parity selection, and specification of stop bit
length is carried out with asynchronous serial interface mode register 20 (ASIM20).

Figure 14-7. Asynchronous Serial Interface Transmit/Receive Data Format

l One data frame ‘

Sttfi‘t” Do | D1 |D2| D3| D4|D5| D6 | D7 Pﬁﬂ‘y Stop bit

e Start bits ....cccceevevenn. 1 bit

e Character bits............ 7 bits/8 bits

e Parity bits.................. Even parity/odd parity/0 parity/no parity
o Stop bit(s) ...oceevunneee. 1 bit/2 bits

When 7 bits are selected as the number of character bits, only the lower 7 bits (bits O to 6) are valid; in
transmission the most significant bit (bit 7) is ignored, and in reception the most significant bit (bit 7) is
always “0”.

The serial transfer rate is selected by baud rate generator control register 20 (BRGC20).

If a serial data receive error is generated, the receive error contents can be determined by reading the
status of asynchronous serial interface status register 20 (AS1S20).

User’'s Manual U14186EJ6VOUD



CHAPTER 14 SERIAL INTERFACE 20

(b) Parity types and operation
The parity bit is used to detect a bit error in the communication data. Normally, the same kind of parity
bit is used on the transmitting side and the receiving side. With even parity and odd parity, a one-bit
(odd number) error can be detected. With 0 parity and no parity, an error cannot be detected.

(i) Even parity

e At transmission
The parity bit is determined so that the number of bits with a value of “1” in the transmit data
including the parity bit is even. The parity bit value should be as follows.

The number of bits with a value of “1” is an odd number in transmit data: 1
The number of bits with a value of “1” is an even number in transmit data: 0

o At reception
The number of bits with a value of “1” in the receive data including parity bit is counted, and if the
number is odd, a parity error is generated.

(i) Odd parity

e At transmission
Conversely to even parity, the parity bit is determined so that the number of bits with a value of “1”
in the transmit data including parity bit is odd. The parity bit value should be as follows.

The number of bits with a value of “1” is an odd number in transmit data: 0
The number of bits with a value of “1” is an even number in transmit data: 1

o At reception
The number of bits with a value of “1” in the receive data including parity bit is counted, and if the
number is even, a parity error is generated.

(iii) O parity
When transmitting, the parity bit is set to “0” irrespective of the transmit data.
At reception, a parity bit check is not performed. Therefore, a parity error is not generated,
irrespective of whether the parity bit is set to “0” or “1”.

(iv) No parity

A parity bit is not added to the transmit data. At reception, data is received assuming that there is
no parity bit. Since there is no parity bit, a parity error is not generated.
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212

(c) Transmission
A transmit operation is started by writing transmit data to transmission shift register 20 (TXS20). The
start bit, parity bit, and stop bit(s) are added automatically.
When the transmit operation starts, the data in TXS20 is shifted out, and when TXS20 is empty, a
transmission completion interrupt (INTST20) is generated.

Figure 14-8. Asynchronous Serial Interface Transmission Completion Interrupt Timing

(a) Stop bit length: 1

STOP |
TxD20 (output) DO D1 D2 D6 D7 } Parity

START

INTST20 —|
)
1

(b) Stop bit length: 2

TxD20 (output) \ / DO X D1 X D2 X}[X D6 X D7 XParity/ ST‘OP I

START

INTST20

Caution Do not rewrite asynchronous serial interface mode register 20 (ASIM20) during a
transmit operation. If the ASIM20 register is rewritten to during transmission,
subsequent transmission may not be performed (the normal state is restored by
RESET input).

It is possible to determine whether transmission is in progress by software by using a
transmission completion interrupt (INTST20) or the interrupt request flag (STIF20) set
by INTST20.
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(d) Reception
When bit 6 (RXE20) of asynchronous serial interface mode register 20 (ASIM20) is set to 1, a receive
operation is enabled and sampling of the RxD20 pin input is performed.
RxD20 pin input sampling is performed using the serial clock specified by BRGC20.
When the RxD20 pin input becomes low, the 3-bit counter starts counting, and at the time when half the
time determined by the specified baud rate has passed, the data sampling start timing signal is output. If
the RxD20 pin input sampled again as a result of this start timing signal is low, it is identified as a start
bit, the 3-bit counter is initialized and starts counting, and data sampling is performed. When character
data, a parity bit, and one stop bit are detected after the start bit, reception of one frame of data ends.
When one frame of data has been received, the receive data in the shift register is transferred to
reception buffer register 20 (RXB20), and a reception completion interrupt (INTSR20) is generated.
If an error is generated, the receive data in which the error was generated is still transferred to RXB20,
and INTSR20 is generated.
If the RXE20 bit is reset to 0 during the receive operation, the receive operation is stopped immediately.
In this case, the contents of RXB20 and asynchronous serial interface status register 20 (ASIS20) are
not changed, and INTSR20 is not generated.

Figure 14-9. Asynchronous Serial Interface Reception Completion Interrupt Timing

STOP
RxD20 (input) po § D1 ) D2 D6 J D7 ) Parity

START

INTSR20 |_|

Caution Be sure to read reception buffer register 20 (RXB20) even if a receive error occurs. If
RXB20 is not read, an overrun error will be generated when the next data is received,
and the receive error state will continue indefinitely.
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(e) Receive errors

The following three errors may occur during a receive operation: a parity error, framing error, and

overrun error. After data reception, an error flag is set in asynchronous serial interface status register 20

(ASIS20). Receive error causes are shown in Table 14-7.

It is possible to determine what kind of error occurred during reception by reading the contents of
ASIS20 in the reception error interrupt servicing (see Figures 14-9 and 14-10).

The contents of ASIS20 are reset to 0 by reading reception buffer register 20 (RXB20) or receiving the
next data (if there is an error in the next data, the corresponding error flag is set).

Table 14-7. Receive Error Causes

Receive Errors

Cause

Parity error

Transmission-time parity and reception data parity do not match

Framing error

Stop bit not detected

Overrun error

Reception of next data is completed before data is read from reception buffer register

214

WEEERN0 0
RxD20 (input) DO D1 D2 D6 | D7 | Parity

INTSR20

\ [ e O e/ ™
RxD20 (input) DO D1 D2 D6 D7 Parity

INTSR20

Figure 14-10. Receive Error Timing

(a) Parity error occurred

START

|

(b) Framing error or overrun error occurred

START

|

Cautions 1. The contents of the ASIS20 register are reset to 0 by reading reception buffer

register 20 (RXB20) or receiving the next data. To ascertain the error contents,
read ASIS20 before reading RXB20.

. Be sure to read reception buffer register 20 (RXB20) even if a receive error

occurred. If RXB20 is not read, an overrun error will occur when the next data is
received, and the receive error state will continue indefinitely.
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(f) Reading receive data
When the reception completion interrupt (INTSR20) occurs, receive data can be read by reading the
value of reception buffer register 20 (RXB20).
To read the receive data stored in reception buffer register 20 (RXB20), read while reception is enabled
(RXE20 = 1).

Remark However, if it is necessary to read receive data after reception has stopped (RXE20 = 0), read
using either of the following methods.

(a) Read after setting RXE20 = 0 after waiting for one cycle or more of the source clock
selected by BRGC20.
(b) Read after bit 2 (DIR20) of serial operation mode register 20 (CSIM20) is set (1).

Program example of (a) (BRGC20 = 00H (source clock = fx/2))

INTREX: ;<Reception completion interrupt routine>
NOP ;2 clocks
CLR1 RXE20 ;Reception stopped
MOV A, RXB20 ;Read receive data

Program example of (b)

INTRXE: ;<Reception completion interrupt routine>
SET1 CSIM20.2 ;DIR20 flag is set to LSB first
CLR1 RXE20 ;Reception stopped

MOV A, RXB20 ;Read receive data
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(3) Cautions related to UART mode
(a) When bit 7 (TXE20) of asynchronous serial interface mode register 20 (ASIM20) is cleared during
transmission, be sure to set transmission shift register 20 (TXS20) to FFH, then set TXE20 to 1 before

executing the next transmission.

(b) When bit 6 (RXE20) of asynchronous serial interface mode register 20 (ASIM20) is cleared during
reception, reception buffer register 20 (RXB20) and the reception completion interrupt (INTSR20) are as

;
RxD20 pin >< Parity / ;
|
|
I
I
|
|
I
|
|
RXB20 )X(
|
|

|

|

|

|

:

|
INTSR20 | | |

|

|

|
<1> —%‘KR <3>
<2>

When RXE20 is set to 0 at the time indicated by <1>, RXB20 holds the previous data and INTSR20 is not
generated.

When RXE20 is set to 0 at the time indicated by <2>, RXB20 renews the data and INTSR20 is not
generated.

When RXE20 is set to 0 at the time indicated by <3>, RXB20 renews the data and INTSR20 is generated.

follows.
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14.4.3 3-wire serial I/O mode
The 3-wire serial 1/0 mode is useful for connection of peripheral 1/Os and display controllers, etc., which
incorporate a conventional synchronous serial interface, such as the 75XL Series, 78K Series, 17K Series, etc.
Communication is performed using three lines: the serial clock (SCK20), serial output (SO20), and serial input
(S120).

(1) Register setting
3-wire serial 1/0 mode settings are performed using serial operation mode register 20 (CSIM20),
asynchronous serial interface mode register 20 (ASIM20), baud rate generator control register 20 (BRGC20),
port mode register 2 (PM2), and port 2 (P2).

(a) Serial operation mode register 20 (CSIM20)
CSIM20 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIM20 to 00H.

Symbol  <7> 6 5 4 3 2 1 0 Address  After reset R/W
CsiM20 [csiE20/ssE20] 0 | o | DAP20| DIR2o [csckeo| ckP2o | FF72H 00H RIW

CSIE20 3-wire serial /0 mode operation control
0 Operation disabled
1 Operation enabled

SSE20 SS20-pin selection Function of $520/P25 pin Communication status
0 Not used Port function Communication enabled
1 Used 0 Communication enabled

1 Communication disabled

DAP20 3-wire serial /0 mode data phase selection
0 Outputs at the falling edge of SCK20.
1 Outputs at the rising edge of SCK20.

DIR20 First-bit specification
0 MSB
1 LSB

CSCK20 3-wire serial I/O mode clock selection
0 External clock input to the SCK20 pin
1 Output of the dedicated baud rate generator

CKP20 3-wire serial I/O mode clock phase selection
0 Clock is active-low , and SCK20 is at high level in the idle state.
1 Clock is active-high , and SCK20 is at low level in the idle state.

Cautions 1. Bits 4 and 5 must be set to 0.
2. Switch operating modes after halting the serial transmit/receive operation.
3. When the external input clock is selected in 3-wire serial I/O mode, set input mode
by setting bit 0 of port mode register 2 (PM2) to 1.

User's Manual U14186EJ6VOUD 217



CHAPTER 14 SERIAL INTERFACE 20

(b) Asynchronous serial interface mode register 20 (ASIM20)
ASIM20 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ASIM20 to 00H.

Symbol  <7> <6> 5 4 3 2 1 0 Address  After reset R/W
ASIM20 | TXE20 ‘ RXE20 ‘ PS201 ‘ PS200 ‘ CL20 ‘ SL20 ‘ 0 ‘ 0 | FF70H 00H RW
TXE20 Transmit operation control
0 Transmit operation stop
1 Transmit operation enable
RXE20 Receive operation control
0 Receive operation stop
1 Receive operation enable
PS201 PS200 Parity bit specification
0 0 No parity
0 1 Always add 0 parity at transmission.
Parity check is not performed at reception (no parity error is generated).
1 0 QOdd parity
1 1 Even parity
CL20 Character length specification
0 7 bits
1 8 bits
SL20 Transmit data stop bit length specification
0 1 bit
1 2 bits

Cautions 1. Bits 0 and 1 must be set to 0.
2. ASIM20 must be cleared to 00H if 3-wire serial I/0 mode is selected.
3. Switch operating modes after halting serial transmit/receive operation.
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(c) Baud rate generator control register 20 (BRGC20)
BRGC20 is set with an 8-bit memory manipulation instruction.
RESET input clears BRGC20 to 00H.

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W
BRG020| TPS203 | TPS202 | TPS201 | TPS200 | 0 | 0 | 0 | 0 | FF73H 00H R/W
TPS203 | TPS202 | TPS201 | TPS200 3-bit counter source clock selection n
At fx = 10.0 MHz At fx = 5.0 MHz
operation"*® operation
0 0 0 0 fx/2 5.00 MHz 2.50 MHz 1
0 0 0 1 fx/2? 2.50 MHz 1.25 MHz 2
0 0 1 0 fx/2° 1.25 MHz 625 kHz 3
0 0 1 1 fx/2* 625 kHz 313 kHz 4
0 1 0 0 x/2° 313 kHz 156 kHz 5
0 1 0 1 fx/2° 156 kHz 78.1 kHz 6
0 1 1 0 x/2’ 78.1 kHz 39.1 kHz 7
0 1 1 1 fx/2° 39.1 kHz 19.5 kHz 8
Other than above Setting prohibited

Note Expanded-specification products only.

Cautions 1. When writing to BRGC20 is performed during a communication operation, the baud
rate generator output is disrupted and communications cannot be performed
normally. Be sure not to write to BRGC20 during a communication operation.

2. If fx > 5.0 MHz in the 3-wire serial I/O mode, this setting is prohibited because n = 1

exceeds the rated range of the serial clock.

Remarks 1. fx: Main system clock oscillation frequency

2. n: Values determined by the settings of TPS200 to TPS203 (1 < n < 8)

If the internal clock is used as the serial clock for 3-wire serial /O mode, set the TPS200 to TPS203 bits
to set the frequency of the serial clock. To obtain the frequency to be set, use the following expression.

When an external clock is used, setting BRGC20 is not necessary.
. fx
Serial clock frequency = o [Hz]

fx: Main system clock oscillation frequency

n: Values in the above table determined by the settings of TPS200 to TPS203 (1 < n < 8)
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()

Communication operation

In 3-wire serial /0O mode, data transmission/reception is performed in 8-bit units. Data is
transmitted/received bit by bit in synchronization with the serial clock.

Transmission shift register (TXS20/SI020) and reception shift register (RXS20) shift operations are
performed in synchronization with the fall of the serial clock (SCK20). Then transmit data is held in the SO20
latch and output from the SO20 pin. Also, receive data input to the SI20 pin is latched in the reception buffer
register (RXB20/S1020) on the rise of SCK20.

At the end of an 8-bit transfer, the operation of TXS20/SI020 and RXS20 stops automatically, and the
interrupt request signal (INTCSI20) is generated.

Figure 14-11. 3-Wire Serial I/O Mode Timing (1/7)

(i) Master operation timing (when DAP20 = 0, CKP20 = 0, SSE20 = 0)

S1020
write

SCK20 1 2 3 4 5 6 7 8

INTCSI20 '

220

S020 Note \ 5( DO7 X DO6 X DOS5 X DO4 X DO3 X DO2 X DO1 XDoo/

Sl20 / X DI7 X Dl6 X DI5 X Dl4 X DI3 X DI2 X DI X /DIOX

Note The value of the last bit previously output is output.

User’'s Manual U14186EJ6VOUD



CHAPTER 14 SERIAL INTERFACE 20

Figure 14-11. 3-Wire Serial /0 Mode Timing (2/7)

(ii) Slave operation timing (when DAP20 = 0, CKP20 = 0, SSE20 = 0)

S1020
write )

)
(
SCK20 )_k 1 2 3 4 5 6 7 8

S120 \5 o7 X ol X pis X bu X b X bz X oit X bio] X

S020 Note /i DO7 X DO6 X DOS5 X DO4 X DO3 X DO2 X DO1 X /Doo
(

INTCSI20

Note The value of the last bit previously output is output.

(iii) Slave operation (when DAP20 = 0, CKP20 = 0, SSE20 = 1)

§5820

S1020
write )
(

SCK20

s120 Si | o7 X o X o5 X b4 X Dis X b X o X oo X |
S020 -+--sm i lnmn- po7 X pos X Dos X Do4 X DO3 X DO2 X DO1 DO ez

INTCSI20 :

Notes 1. The value of the last bit previously output is output.
2. DOO is output until SS20 rises.
When SS20 is high, SO20 is in a high-impedance state.
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Figure 14-11. 3-Wire Serial /0 Mode Timing (3/7)

(iv) Master operation (when DAP20 = 0, CKP20 = 1, SSE20 = 0)

S1020
write

SCK20 /) 1 2 3 4 5 6 7 8

| \
s020 \ \ oo7 Y oos Y oos Y vor Y vos Y ooz X vor ) voo /

SI20 / X DI7 X DI6 X DI5 X DI4 X DI3 X DI2 X DI X DIO/X

INTCSI20 '
(v) Slave operation (when DAP20 = 0, CKP20 = 1, SSE20 = 0)
S1020
write \
(
SCK20 . 1 2 3 4 5 6 7 8
&

S1020 write (master)Not /

|

SI20 [ ] S:X o7 X o X ois X ou X oz X b2 X b X po X/

S020 \_;i DO7 X DO6 X DOS5 X DO4 X DO3 X DO2 X DOT X Doo/ /
(

INTCSI20 '

Note The data of SI20 is loaded at the first rising edge of SCK20. Make sure that the master outputs the
first bit before the first rising of SCK20.
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Figure 14-11. 3-Wire Serial /0 Mode Timing (4/7)

(vi) Slave operation (when DAP20 = 0, CKP20 = 1, SSE20 = 1)

SS20

S1020
write

SCK20 1 2 3 4 5 6 7 8

SI020 write (master)”""”I

SI20 / \

9
N
>
9
»
>
9
6]
>
9
N
>
9
w
>
9
n
>
g
>
9
o

INTCSI20

Notes 1. The data of SI20 is loaded at the first rising edge of SCK20. Make sure that the master outputs
the first bit before the first rising of SCK20.

2. S020 is high until SS20 rises after completion of DOO output. When SS20 is high, SO20 is in a
high-impedance state.

(vii) Master operation (when DAP20 = 1, CKP20 = 0, SSE20 = 0)
S1020
write H

SCK20 1 2 3 4 5 6 7 8

S020 \ DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DOT X DOO /

SI20 \ X DI7 X Dl6 X DI5 X Dl4 X DI3 X DI2 X DI X DIO/X

INTCSI20 \

User's Manual U14186EJ6VOUD 223



CHAPTER 14 SERIAL INTERFACE 20

Figure 14-11. 3-Wire Serial /0 Mode Timing (5/7)

(viii) Slave operation (when DAP20 =1, CKP20 = 0, SSE20 = 0)

S1020
write )

)
1
SCK20 / 1 2 3 4 5 6 7 8

S1020 write (master)Note TF‘?—
)
(y
)
1

SI120 / !
L
\_;; por X pos X pos X posa X pos X poz X pot X poo/ /

o7 X ois X Dis X b X b X b X o X opo )]

S020

INTCSI20

Note The data of SI20 is loaded at the first falling edge of SCK20. Make sure that the master outputs the
first bit before the first falling of SCK20.

(ix) Slave operation (when DAP20 =1, CKP20 = 0, SSE20 = 1)

SS20 )

f
S1020
write

)]
—_— ((
SCK20 / / 1 2 3 4 5 6 7 8

S1020 write (mastev)Nom

SI20 / {

INTCSI20

Notes 1. The data of SI20 is loaded at the first falling edge of SCK20. Make sure that the master outputs
the first bit before the first falling of SCK20.
2. S020 is high until SS20 rises after completion of DOO output. When SS20 is high, SO20 is in a
high-impedance state.
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Figure 14-11. 3-Wire Serial /0 Mode Timing (6/7)

(x) Master operation (when DAP20 = 1, CKP20 = 1, SSE20 = 0)

S1020
write

SCK20 1 2 3 4 5 6 7 8

SO20 e X DO7 X DO6 X DOS5 X DO4 X DO3 X DO2 X DO1 X DOO
SI20 [ X DI7 X DI6 X DI5 X Dl4 X DI3 X DI2 X DI DIO X

INTCSI20

Note The value of the last bit previously output is output.

(xi) Slave operation (when DAP20 =1, CKP20 = 1, SSE20 = 0)

SI1020
write )

SCK20 1 2 3 4 5 6 7 8

Sl20 S DI7 X Dl6 X DI5 X DI4 X DI3 X DI2 X DI X DIO X

S020 Nmei DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X[ DOO
1§

INTCSI20 \\

Note The value of the last bit previously output is output.
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Figure 14-11. 3-Wire Serial /0 Mode Timing (7/7)

(xii) Slave operation (when DAP20 =1, CKP20 = 1, SSE20 = 1)

_— —_—
S§S20
SI020
write )
(
SCK20 1 2 3 4 5 6 7 8

SI20

S020

INTCSI20

Notes 1. The value of the last bit previously output is output.
2. DOO is output until SS20 rises.
When SS20 is high, SO20 is in a high-impedance state.

(8) Transfer start
Serial transfer is started by setting transfer data to the transmission shift register (TXS20/S1020) when the

following two conditions are satisfied.

e Serial operation mode register 20 (CSIM20) bit 7 (CSIE20) = 1
« Internal serial clock is stopped or SCK20 is high after 8-bit serial transfer.

Caution If CSIE20 is set to 1 after data is written to TXS20/S1020, transfer does not start.

A termination of 8-bit transfer stops the serial transfer automatically and generates the interrupt request
signal (INTCSI20).

226 User's Manual U14186EJ6VOUD



CHAPTER 15 SMBO (¢PD789167Y AND 789177Y SUBSERIES)

15.1 SMBO Functions

SMBO (system management bus) has the following two types of modes.
¢ Operation stop mode
e SMB mode (supporting multiple masters)

(a) Operation stop mode
This mode is used when serial transfer is not performed. Power consumption is minimized in this mode.

(b) SMB mode (supporting multiple masters)
This mode is used for performing 8-bit data transmission to several devices, using a serial clock (SCLO) line
and a serial data bus (SDAO) line.
In this mode, which conforms to the SMB format, start conditions, data, and stop conditions can be output on
the serial data bus during transmission. Moreover, these data can be automatically detected by hardware
during reception.
In SMBO, SCLO and SDAO are open-drain outputs, and therefore a pull-up resistor is required for the serial
clock line and serial data bus line.
I’C (Inter IC) bus standard mode or high-speed mode can be specified by software in SMB mode.

Figure 15-1 shows the block diagram of SMBO.
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15.2 SMBO Configuration

SMBO consists of the following hardware.

Table 15-1. Configuration of SMB0

Iltem

Configuration

Registers

SMB shift register 0 (SMBO)
SMB slave address register 0 (SMBSVAQ)

Control registers

SMB control register 0 (SMBCO)

SMB status register 0 (SMBSO0)

SMB clock selection register 0 (SMBCLO)
SMB mode register 0 (SMBMO)

SMB input level setting register 0 (SMBVI0)
Port mode register 2 (PM2)

Port 2 (P2)

(1) SMB shift register 0 (SMBO0)
SMBO is a register that converts 8-bit serial data to 8-bit parallel data, and vice-versa. SMBO is used both for

transmitting and receiving data.

Write and read operations for SMBO control actual send and receive operations.
SMBO is manipulated with an 8-bit memory manipulation instruction.

RESET input clears SMBO to 00H.

(2) SMB slave address register 0 (SMBSVAO0)
This register is used to set a local address when used as a slave.

SMBSVAQ is manipulated with an 8-bit memory manipulation instruction.
RESET input clears SMBSVAO to 00H.

(3) SO latch

The SO latch is a latch that holds the SDAO pin output level.

(4) Wakeup controller
This circuit generates an interrupt request when the address value set in SMB slave address register 0

(SMBSVAOQ) and the received address match, or when an extension code is received.

(5) Clock selector

Selects the sampling clock to be used.

(6) Serial clock counter
Counts the serial clock output/input during send/receive operations, to check if 8-bit data has been sent or

received.
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(7) Interrupt request signal generator
Controls the generation of interrupt request signals.
SMB interrupts are generated with the following two triggers.

e 8th clock or 9th clock of serial clock (set with WTIMO bit***)
¢ Generation of interrupt request at detection of stop condition (set with bit SPIEQ"®)

Note WTIMO bit: SMB control register 0 (SMBCO) bit 3
SPIEO bit: SMB control register 0 (SMBCO) bit 4

(8) Serial clock controller
In master mode, generates the clock to be output to the SCLO pin from the sampling clock.

(9) Serial clock wait controller
Controls the wait timing.

(10) Acknowledge output circuit, stop condition detector, start condition detector, acknowledge detector
Perform output and detection of control signals.

(11) Data hold time corrector
Generates the data hold time from the falling edge of the serial clock.
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15.3 SMBO Control Registers
The following five registers are used to control SMBO.

e SMB control register 0 (SMBCO)

SMB status register 0 (SMBSO0)

e SMB clock selection register 0 (SMBCLO)

e SMB mode register 0 (SMBMO)

SMB input level setting register 0 (SMBVI0)

The following registers are also used.

e SMB shift register 0 (SMBO)
e SMB slave address register 0 (SMBSVAOQ)

(1) SMB control register 0 (SMBCO0)
This register sets SMB operation enable/disable, the wait timing, and other SMB operations.
SMBCO is manipulated with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears SMBCO to 00H.

Caution Set port mode register 2 (PM2x) as follows in SMB mode.
Reset the output latch to 0.

e Set P23 (SCLO) in output mode (PM23 = 0).
e Set P24 (SDAO) in output mode (PM24 = 0).

User's Manual U14186EJ6VOUD 231



CHAPTER 15 SMBO (4PD789167Y AND 789177Y SUBSERIES)

Figure 15-2. Format of SMB Control Register 0 (1/4)

Symbol  <7> <6> <5> <4> <3> <2> <1> <0> Address  After reset R/W
SMBCO |SMBEO ‘ LRELO ‘WRELO‘ SPIEO ‘ WTIMO ‘ ACKEO ‘ STTO ‘ SPTO | FF78H 00H R/W
SMBEO SMB operationNote !
0 Operation disabled. Presets SMB status register 0 (SMBSO0). Internal operation also disabled.
1 Operation enabled
Clear conditions (SMBEO = 0) Set conditions (SMBEO = 1)
o Cleared with instruction e Set with instruction
e Cleared by RESET input

LRELO Escape from transmission
0 Normal operation
1 Escape from the current transmission and enter the standby status. Automatically cleared after execution.

This bit is used when extension codes not relevant to the local station are received.
The SCLO and SDAO lines enter the high impedance status.

The following flags are cleared.

¢STDO ¢STTO e SPTO eACKDO TRCO eCOI0 EXCO eMSTSO

The standby status continues until the following communication participation conditions are met.
o Startup as master after detection of stop condition
e Matching addresses or extension code reception after start condition

Clear conditions (LRELQ = Q)Nete2 Set conditions (LRELO = 1)

* Automatically cleared after execution e Set with instruction
e Cleared by RESET input

WRELO Wait cancel
0 Do not cancel wait.
1 Cancel wait. Automatically cleared after wait cancellation.
Clear conditions (WRELQ = Q)Note2 Set conditions (WRELO = 1)
o Automatically cleared after execution e Set with instruction
e Cleared by RESET input

SPIEO Interrupt request generation at stop condition detection
0 Disabled
1 Enabled

Clear conditions (SPIEQ = Q)N°te2 Set conditions (SPIEO = 1)

o Cleared with instruction e Set with instruction

e Cleared by RESET input

Notes 1. Before setting SMBEO to 1, fix the value of SMB clock selection register 0 (SMBCLO0). To change the
communication clock, clear SMBEQO to O first before rewriting SMBCLO.
2. This flag’s signals are made invalid by setting SMBEO = 0.
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Symbol
SMBCO | SMBEO

Note

Figure 15-2. Format of SMB Control Register 0 (2/4)

<7> <6> <5> <4> <3> <2> <1> <0> Address  After reset R/W
‘ LRELO ‘ WRELO ‘ SPIEO ‘ WTIMO ‘ ACKEO ‘ STTO ‘ SPTO | FF78H 00H R/W
WTIMO Wait and interrupt request generation control
0 Generate interrupt request at falling edge of 8th clock.
In case of master: Wait with clock output at low level after 8 clocks have been output.
In case of slave: Wait master with clock set to low level after 8 clocks have been input.
1 Generate interrupt request at falling edge of 9th clock.
In case of master: Wait with clock at low level after 9 clocks have been output.
In case of slave: Wait master with clock set to low level after 9 clocks have been input.

The setting of this bit becomes invalid during address transmission, and becomes effective at the end of transmission.
During operation as master, a wait is inserted at the falling edge of the 9th clock during address transmission. A slave
that receives a local address enters the wait status at the falling edge of the 8th or 9th clock according to the setting of
AWTIMO. A slave that receives an extension code enters the wait status at the falling edge of the 8th clock.

Clear conditions (WTIMO = Q)Nete

Set conditions (WTIMO = 1)

o Cleared with instruction
e Cleared by RESET input

e Set with instruction

ACKEO

Acknowledge control

0 Acknowledge disabled

1 Acknowledge enabled. SDAO line set to low level during 9 clocks. However, invalid during address

transmission, and valid when EXCO = 1.

Clear conditions (ACKEQ = 0)Nete

Set conditions (ACKEO = 1)

o Cleared with instruction
e Cleared by RESET input

e Set with instruction

This flag’s signals are made invalid by setting SMBEO = 0.

User's Manual U14186EJ6VOUD 233




CHAPTER 15 SMBO (4PD789167Y AND 789177Y SUBSERIES)

Symbol

SMBCO | SMBEO \

Note

234

<7>

Figure 15-2. Format of SMB Control Register 0 (3/4)

<6> <5> <4> <3> <2> <1> <0> Address  After reset R/W

LRELO ‘WRELO‘ SPIEO ‘WTIMO ‘ ACKEO ‘ STTO ‘ SPTO | FF78H 00H R/W

STTO

Start condition trigger

0

Do not generate start condition.

1

When bus is released (stop status):
Generate start conditions (activation as master). Change SDAO line from high level to low level and
generate start condition. Then secure rated time and sets SCLO to low level.

When not participating on bus:
Functions as start condition reservation flag. When set, automatically generate start condition after bus
is released.

Cautions regarding set timing
o Master receive operation: Setting during transmission is prohibited.

Set ACKEO = 0; Can be set only after end of receive operation has been reported to slave.

o Master transmit operation: Note that start condition may not be generated normally during ACK period.
e Setting at the same time as SPTO is prohibited.
o After setting STTO, resetting is prohibited if the clear conditions have not been met.

Clear conditions (STTO = Q)Nete Set conditions (STTO = 1)

o Cleared with instruction o Set with instruction

o Cleared upon defeat in arbitration

Cleared after generation of start condition by master
e Cleared when LRELO = 1

e Cleared when SMBEO =0

e Cleared by RESET input

This flag’s signals are made invalid by setting SMBEO = 0.
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Figure 15-2. Format of SMB Control Register 0 (4/4)

Symbol  <7> <6> <5> <4> <3> <2> <1> <0> Address  After reset R/W
SMBCO | SMBEO ‘ LRELO ‘ WRELO ‘ SPIEO ‘ WTIMO ‘ ACKEO ‘ STTO ‘ SPTO | FF78H O00H R/W
SPTO Stop condition trigger
0 Do not generate stop condition.
1 Generate stop condition (end transmission as master).
After setting SDAO line to low level, set SCLO line to high level, or maintain SCLO line at high level.
Then, secure rated time, change SDAO line from low level to high level, and generate stop condition.

Cautions regarding set timing
e Master receive operation: Setting during transmission is prohibited.
Set ACKEQ = 0; Can be set only after end of receive operation has been notified to slave.
e Master send operation: Note that stop condition may not be generated normally duringTCK period.
¢ Setting at the same time as STTO is prohibited.
e Set SPTO only during operation as master.N°te !
o After setting SPTO, resetting is prohibited if the clear conditions have not been met.
¢ Note that when WTIMO = 0, if SPTO is set during the wait period after 8-clock output, a stop condition is generated
during the high-level period of the 9th clock following wait release.
If it is necessary to output a 9th clock, change the setting of WTIMO from 0 to 1 during the wait period following 8-clock
output, and set SPTO during the wait period following the 9th clock output.

Clear conditions (SPTOQ = Q)Nete2 Set conditions (SPTO0 = 1)

o Cleared with instruction o Set with instruction
e Cleared upon defeat in arbitration

¢ Cleared automatically after detection of stop condition
e Cleared when LRELO =1

e Cleared when SMBEO =0

e Cleared by RESET input

Notes 1. Set SPTO only during operation as master. However, for master operation by the time a stop condition
is detected for the first time following operation enable, SPTO must be set once to generate a stop
condition.

2. This flag’s signals are made invalid by setting SMBEO = 0.

Caution While SMB status register 0 (SMBSO0) bit 3 (TRCO0) = 1, when WRELO is set at the 9th clock and
wait is released, TRCO is cleared and the SDAO line is set to high impedance.

Remarks 1. STDO: SMB status register 0 (SMBSO0) bit 1
ACKDO: SMB status register 0 (SMBSO) bit 2
TRCO: SMB status register 0 (SMBSO) bit 3
COIO:  SMB status register 0 (SMBSO0) bit 4
EXCO0: SMB status register 0 (SMBSO0) bit 5
MSTSO0: SMB status register 0 (SMBSO0) bit 7
2. Bits 0 and 1 (SPTO, STTO) are 0 if read after data setting.
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(2) SMB status register 0 (SMBSO0)
This register indicates the SMB status.
SMBSO0 is manipulated with a 1-bit or 8-bit memory manipulation instruction. SMBSO is a read-only register.
RESET input clears SMBSO0 to 00H.

Figure 15-3. Format of SMB Status Register 0 (1/3)

Symbol  <7> <6> <5> <4> <3> <2> <1> <0> Address  Afterreset  R/W
SMBSO | MSTSO | ALDO | Exco | colo | TRCo | ACKDO | STDO | sPDo |  FF7oM 00H R
MSTSO0 Master status
0 Slave status or communication wait status
1 Master transmission status
Clear conditions (MSTSO0 = 0) Set conditions (MSTSO0 = 1)
o Cleared upon detection of stop condition ¢ Set during generation of start condition

e Cleared when ALDO = 1

e Cleared when LRELO =1

¢ Cleared when SMBEO changes from 1 to 0
Cleared by RESET input

ALDO Arbitration defeat detection
0 No arbitration, or won in arbitration.
1 Defeated in arbitration. MSTSO cleared.
Clear conditions (ALDO = 0) Set conditions (ALDO = 1)
o Automatically cleared after reading SMBSQNet ¢ Set upon defeat in arbitration

¢ Cleared when SMBEO changes from 1 to 0
e Cleared by RESET input

EXCO Extension code receive detection
0 Do not receive extension code.
1 Receive extension code.
Clear conditions (EXCO = 0) Set conditions (EXCO = 1)
¢ Cleared upon detection of start condition ¢ Set when high 4 bits of received address are
¢ Cleared upon detection of stop condition 0000 or 1111 (set at rising edge of 8th clock)

¢ Cleared when LRELO =1
¢ Cleared when SMBEO changes from 1 to 0
o Cleared by RESET input

Note The bit is also cleared when a bit manipulation instruction is executed for any other bit SMBSO0.
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Figure 15-3. Format of SMB Status Register 0 (2/3)

Symbol  <7> <6> <5> <4> <3> <2> <1> <0> Address  After reset R/wW
smeso | mstso| ALDo | Exco | cow | TRco | Ackpo | stoo | sppo | FF7oM 00H R
CcOlo Matching address detection
0 Address does not match.
1 Address matches.
Clear conditions (COIO = 0) Set conditions (COI0 = 1)
o Cleared upon detection of start condition e Set when received address matches local address
o Cleared upon detection of stop condition (SVADO) (set at rising edge of 8th clock)
e Cleared when LRELO = 1
e Cleared when SMBEO changes from 1 to 0
o Cleared by RESET input
TRCO Receive/send status detection
0 Receive status (when not in send status). Sets SDAO line to high impedance.
1 Send status. Sets so that SO latch value can be output to SDAO line (valid from falling edge of 9th clock of
1st byte).

Clear conditions (TRCO = 0)

Set conditions (TRCO = 1)

o Cleared upon detection of stop condition

e Cleared when LRELO = 1

e Cleared SMBEO changes from 1 to 0

o Cleared when WRELQ = 1Nete

e Cleared when ALDO changes from O to 1

e Cleared by RESET input

In case of master:

e When "1" is output to 1st byte LSB
(transmission direction specification bit)

In case of slave:

o Upon detection of start condition

In case of non-participation in communication

In case of master:

* Upon generation of start condition

In case of slave:

e When "1" is input to 1st byte LSB (transmission direction
specification bit)

ACKDO Acknowledge output
0 Do not detect acknowledge.
1 Detect acknowledge.

Clear conditions (ACKDO = 0)

Set conditions (ACKDO = 1)

o Cleared upon detection of stop condition

o Cleared at rising edge of 1st clock of following byte

e Cleared when LRELO = 1
e Cleared when SMBEO changes from 1 to 0
o Cleared by RESET input

e Set when SDAQ line is low level at rising edge of 9th
clock of SCLO

Note When bit 3 (TRCO) of SMB status register 0 (SMBSO0) is set to 1, bit 5 (WRELO) of SMB control
register 0 (SMBCQO) is set during the ninth clock and wait is canceled, after which TRCO is cleared and

the SDAO line is set to high impedance.
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Figure 15-3. Format of SMB Status Register 0 (3/3)

Symbol  <7> <6> <5> <4> <3> <2> <1> <0> Address  After reset R/W
smBso | MsTSo | ALDo | Exco | colo | TRCo | ACKDO | STDO | sPDo | FF7oH 00H R
STDO Start condition detection
0 Do not detect start condition.
1 Detect start condition. Indicates that address transmission is in progress.

Clear conditions (STDO = 0)

Set conditions (STDO = 1)

¢ Cleared upon detection of stop condition

¢ Cleared at rising edge of 1st clock of byte following
address transmission

e Cleared when LRELO =1

¢ Cleared when SMBEO changes from 1 to 0

e Cleared by RESET input

e Set upon detection of start condition

SPDO Stop condition detection
0 Do not detect stop condition.
1 Detect stop condition. Transmission by master is completed and bus is released.

Clear conditions (SPDO = 0)

Set conditions (SPDO = 1)

e Cleared at rising edge of 1st clock of address transfer
byte following detection of start condition after this bit has
been set

¢ Cleared when SMBEO changes from 1t0 0

e Cleared by RESET input

e Set upon detection of stop condition

Remark LRELO: SMB control register 0 (SMBCO) bit 6
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(3) SMB clock selection register 0 (SMBCLO)
This register sets the SMB transmission clock.
SMBCLO is manipulated with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears SMBCLO to 00H. Table 15-2 shows the SMB communication clocks.

Figure 15-4. Format of SMB Clock Selection Register 0 (1/2)

Symbol 7 6 <5> <4> 3 2 1 0 Address  After reset R/W
SMBCLO | 0 ‘ 0 ‘ CLDO ‘ DADO ‘ SMCO ‘ DFCO ‘ CLot1 ‘ CLO00 | FF7AH 00H R/WyNote 1
CLDO SCLO line level detection (valid only when SMBEO = 1)
0 Detect that SCLO line is low level.
1 Detect that SCLO line is high level.
Clear conditions (CLDO = 0) Set conditions (CLDO = 1)
e Cleared when SCLO line is low level e Set when SCLO line is high level

o Cleared when SMBEO =0
e Cleared by RESET input

DADO SDAO line level detection (valid only when SMBEO = 1)
0 Detect that SDAO line is low level.
1 Detect that SDAO line is high level.
Clear conditions (DADO = 0) Set conditions (DADO = 1)
e Cleared when SDAO line is low level e Set when SDAQO line is high level

¢ Cleared when SMBEO =0
e Cleared by RESET input

SMCO Operating mode switching
0 1IC standard mode or SMB mode operation
1 IIC high-speed mode
Clear conditions (SMCO = 0) Set conditions (SMCO = 1)
¢ Cleared with instruction ¢ Set with instruction
e Cleared by RESET input

DFCO Digital filter operation controlNete2
0 Digital filter off
1 Digital filter on

Notes 1. Bits 4 and 5 are read-only.
2. The digital filter can be used in high-speed mode. When used in high-speed mode, the digital filter
provides a slower response.

Caution Bits 6 and 7 must be set to 0.
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Figure 15-4. Format of SMB Clock Selection Register 0 (2/2)

Symbol 7 6 <5> <4> 3 2 1 0 Address  After reset R/W
smeclo | o | o | cbo | pApo | smco | pFco | clot | cloo | FF7aH 00H  R/WNete
CLoO1 CLOO Communication clock
SMB/IIC standard mode (SMCO = 0) 1IC high-speed mode (SMCO = 1)

0 0 fx/44 fx/24

0 1 x/86

1 0 fx/172 fx/48

1 1 Setting prohibited

Note Bits 4 and 5 are read-only.

Caution To change the communication clock, stop operations (SMBEO = 0) first before rewriting
SMBCLO.

Remark fx: Main system clock oscillation frequency

Table 15-2. SMB0 Communication Clock

SMCO CLO1 CL0O Communication Clock Digital Filter Input Delay
Atfx=10.0 MHz | Atfx=5.0 MHz
operation™™®’ operation
0 0 0 227.2 kHZ"** 113.6 kHZ""*? 250 ns
0 0 1 116.2 kHZ""** 58.13 kHz 250 ns
0 1 0 58.13 kHz 29.06 kHz 500 ns
1 0 0 416.6 kHz""* 208.3 kHz 250 ns
1 0 1 416.6 kHz""* 208.3 kHz 250 ns
1 1 0 208.3 kHz 104.1 kHz 500 ns
Other than above Setting prohibited

Notes 1. Expanded-specification products only.
2. Since the SMB/IIC standard mode standards specify a range of 10 to 100 kHz, this communication

clock falls outside the specifications.
3. Since the standards of the 1IC high-speed mode specify a range of 0 to 400 kHz, this communication

clock falls outside the specifications.
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(4) SMB mode register 0 (SMBMO0)
SMBMO is used to specify SCLO level control and interrupt control.
SMBMO is manipulated with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets SMBMO to 20H.

Figure 15-5. Format of SMB Mode Register 0 (1/2)

Symbol 7 6 <5> <4> <3> <2> 1 0 Address  Afterreset R/W
SMBMOl 0 ‘ 0 ‘SCLCTLO‘ AWTIMO‘ STIEO ‘ TOENO ‘TOCLO1 ‘TOCLOO | FF7CH 20H R/W
SCLCTLO SCL level controlNote 1

0 SCLO is held low.
When SCLO is high, SCLO is held low after waiting until SCLO is made low.

1 Normal operation
AWTIMO Wait and interrupt control when an address match is foundNotes 2,3
0 At the slave, an interrupt request is generated on the falling edge of the 9th clock period when an address

match (COIO = 1) is found during address data reception.
The clock is pulled low to cause the master to wait.

1 At the slave, an interrupt request is generated on the falling edge of the 8th clock period when an address
match (COIO0 = 1) is found during address data reception.
The clock is pulled low to cause the master to wait.

STIEO Start condition interrupt enable
0 Start condition interrupt generation is disabled.
1 Normal operation
TOENO Time out count enable bitNote 4
0 The time out count is cleared to 0, then count operation is disabled.
1 Time out count operation is enabled.

Notes 1. If SCLO is made low by SCLCTLO, the wait state cannot be released by WRELO.
2. When an extension code is received (EXCO = 1), a wait state is forcibly set in the 8th clock period.
3. During address transfer, the master waits in the 9th clock period.

4. An interrupt (INTSMBOVO) is generated when the time out counter overflows. The hardware does not
reset the SMB operation. Ensure that SMB operation is reset by software after INTSMBOVO

generation.

Caution Bits 6 and 7 must be set to 0.
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Figure 15-5. Format of SMB Mode Register 0 (2/2)

Symbol 7 6 <5> <4> <3> <> 1 0 Address  Afterreset R/W
SMBMOl 0 ‘ 0 ‘SCLCTLO‘ AWTIMO‘ STIEO ‘ TOENO ‘TOCL01 ‘TOCLOO | FF7CH 20H R/W
TOCLO1 | TOCLOO Time out clock fro selection bits
0 0 fx/26 (78.1 kHz)
0 1 fx/27 (39.1 kHz)
1 0 fx/28 (19.5 kHz)
1 1 fxr  (32.768 kHz)

Remarks 1. fx: Main system clock oscillation frequency
2. fxt: Subsystem clock oscillation frequency
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(5) SMB input level setting register 0 (SMBVI0)
SMBVIO0 is manipulated with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears SMBVIO to 00H.

Figure 15-6. Format of SMB Input Level Setting Register 0

Symbol 7 6 5 4 3 2 1 0 Address Afterreset R/W
SMBVIOl 0 | TOS02 | TOSO01 | TOS00 | SVINO | 0 | LVLO1 | LVLOO | FF7DH 00H R/W
TOS02 | TOSO1 TOS00 Time out time selection bits
At fx = 10.0 MHz operation™*" | At fx = 5.0 MHz operation At fxt =
32.768 kHz
operation
fro = fro = fro = fro = fro = fro = fro = fxr
x/2° fx/2 fx/2° x/2° fx/2 fx/2°
0 0 0 1024/fro |6.55ms |13.1ms |26.2ms 13.1ms [26.2ms |52.4 ms |31.2ms
0 0 1 896/fro [5.783ms |11.4ms [229ms (11.4ms (229 ms |45.8 ms |27.3 ms
0 1 0 768/fro [491ms |9.83ms [19.6ms (9.83ms [19.6 ms |39.3 ms |23.4 ms
0 1 1 640/fro [4.09ms [8.19ms |[16.3ms |8.19ms |16.3ms [32.7ms [19.5ms
1 0 0 512/fro  [3.27 ms |6.55 ms 13.1ms ([6.55ms |13.1ms |26.2ms [15.6 ms
1 0 1 384/fro [245ms |[491ms [983ms (491 ms (9.83ms |19.6ms |11.7ms
1 1 0 256/fro [1.63ms |3.27ms |6.55ms |3.27ms (6.55ms |{13.1 ms |7.81 ms
1 1 1 128/fro |819us |1.63ms |3.27ms 1.63ms (3.27 ms |6.55 ms [3.90 ms
SVINO Input level selection bit
0 Same input level as the ordinary hysteresis
1 The voltage set with LVLO1 and LVLOOI is used as the SCLO and SDAO input level threshold
LVLO1 LVLOO Input level selection bits"**?
0 0 The input level is 0.1875 x Voo.
0 1 The input level is 0.25 x Vob.
1 0 The input level is 0.375 x Vob.
1 1 The input level is 0.5x Voo.

Notes 1. Expanded-specification products only.
2. Setaninput level from 0.75t0 1.25 V.

Caution Bits 2 and 7 must be set to 0.
Remarks 1. fx: Main system clock oscillation frequency

2. fx1: Subsystem clock oscillation frequency
3. fro: Clock selected using bits 0 and 1 (TOCLO00, TOCLO1) of SMB mode register 0 (SMBMO)
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(6) SMB shift register 0 (SMBO0)
This register is used to perform serial transmit/receive (shift operation) in synchronization with the serial

clock.
Read/write operations can be performed in 8-bit units, but do not write data to SMBO during transmission.

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
SMBO | ‘ ‘ ‘ ‘ ‘ ‘ ‘ | FF7EH OOH R/W

(7) SMB slave address register 0 (SMBSVAO)
This register stores the SMB slave address.
It can be read/written in 8-bit units, but bit 0 is fixed to 0.

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

SMBSVAO | ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0 | FF7BH 00H R/W
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15.4 SMBO Definition and Control Methods
The SMBO serial data transmission format and the meanings of the signals used are described below.
The transmission timing of the start condition, data, and stop condition output to the serial data bus of the SMBO is

shown in Figure 15-7.

Figure 15-7. SMBO Serial Data Transmission Timing

-7 | 1 7 | | | | |
1 | I L Il I [N . F I | - - F I
sSCLO | }|}|1to7|l}|8|}}|9|} }|1to7| |8|l }|9|; }|1to7| |8|l }|9|} |
Lo o o
| | | - || | - | | |
[ | | I\ ! | | |
SDAO :\\ ( :x\ \\ / :\— x :5\ \/
L,J T—_TTT L,,JL,,J L -z [—

Start Address R/W ACK Data ACK Data ACK Stop
condition condition

The start condition, slave address, and stop condition are output by the master.

SDAO of only the start condition and stop condition can be changed when SCLO is high.

The acknowledge signal (ACK) can be output by either the master or slave (the slave outputs ACK when an
address is transferred. The receiver of the data outputs ACK when 8-bit data is transferred).

The master continuously outputs the serial clock (SCL0). However, it is possible to prolong the low-level period of
the SCLO and insert a wait in the case of the slave.

15.4.1 Start condition

A start condition is generated when the SDAO pin changes from high level to low level while the SCLO pin is high
level (serial clock is not output). The start condition of the SCLO and SDAO pins is output at the start of serial
transmission from the master to the slave. The slave incorporates hardware that detects the start condition.

Figure 15-8. Start Condition

SCLO
l
SDAO l
|
|
|

The start condition is output when SMB control register 0 (SMBCO) bit 1 (STTO0) is set to 1 in the stop condition
detection status (STDO: SMB status register 0 (SMBSO0) bit 1 = 1). Moreover, when the start condition is detected,
SMBSO bit 1 (STDO) is set to 1, and when bit 3 (STIEQ) of SMBMO is set to 1, INTSMBO is generated.
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15.4.2 Address

The 7-bit data following the start condition is defined as an address.

An address consists of 7 bits of data output to select a particular slave among several slaves connected to the
master via the bus line. Therefore, slaves on the bus line must each have a different address.

Slaves detect start conditions via hardware and check if the 7-bit data matches the value of SMB slave address
register 0 (SMBSVAQ). If the 7-bit data and the SMBSVAO value maich, that slave is selected, and communication
between the master and that slave is performed until the master issues a start condition or a stop condition.

Figure 15-9. Address

SCLO 1 2 3 4 5| |6 7 8 9
SDAO \ /AeXAsXA4XA3XA2XA1XAoXR/WX
Address

Note
INTSMBO

Note If other than a local address or extension code is received during slave operation, INTSMBO is not issued.

Addresses are written and output to SMB shift register 0 (SMBO0) as 8 bits consisting of the slave address and the
transmission direction (see 15.4.3). Moreover, received addresses are written to SMBO.
Slave addresses are allocated to the high 7 bits of SMBO.

15.4.3 Specification of transmission direction
The master sends a 1-bit data following the 7-bit address to specify the transmission direction.
When this transmission direction bit is 0, the master sends data to the slave.
When this bit is 1, the slave sends data to the master.

Figure 15-10. Specification of Transmission Direction

SCLO 1 2 3 4 5 6 7 8 9

SDAO _\ /A6XA5XA4XA3XA2XA1XAOXﬂX

Transmission direction
specification Note

INTSMBO

Note If other than a local address or extension code is received during slave operation, INTSMBO is not issued.
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15.4.4 Acknowledge signal (ACK)

The acknowledge signal (ACK) is used to confirm reception of serial data on the transmitting and receiving sides.

On the receiving side, an acknowledge signal is returned each time 8 bits of data are received. On the sending
side, an acknowledge signal is normally received following transmission of 8 bits of data. However, when the master
is receiving, no acknowledge signal is output after the final data has been received. The transmitting side detects
whether an acknowledge signal is returned following transmission of 8 bits of data. If an acknowledge signal is
returned, processing is continued assuming that the data was successfully received. If no acknowledge signal is
returned by the slave, the master outputs a stop condition or a restart condition, and stops transmission. An

acknowledge signal is not returned for the following two reasons.

<1> Reception was not performed normally.
<2> The final data was received.

If the receiving side sets the SDAO line to low level at the 9th clock, the acknowledge signal becomes active
(normal reception response).

When SMB control register 0 (SMBCO) bit 2 (ACKEO) = 1, the acknowledge signal automatic generation enable
state is entered.

SMB status register 0 (SMBSO0) bit 3 (TRCO) is set by the 8th bit following the 7-bit address. However, when the
TRCO bit value is 0, receive status is selected, therefore set ACKEO to 1.

During a slave receive operation (TRCO = 0), if the slave side receives several bytes and does not require
subsequent data, ACKEOQ can be set to 0 so that the master does not start the next transmission.

In the same way, if, during a master receive operation (TRCO = 0), subsequent data is not required and you want
to output a restart condition or a stop condition, set ACKEO to 0 so that no ACK signal is output. This must be done
so that the data’s MSB is not output to the SDAO line during the slave transmission operation (transmission stop).

Figure 15-11. Acknowledge Signal

SCLO 1 2 3 4 5 6 7 8 9

SDAO _\ /AeXAsXA4XA3XAzXA1XAOXR/W\ATK/_

When a slave receives a local address, it automatically outputs an acknowledge signal in synchronization with the

falling edge of the 8th clock of SCLO, regardless of the value of ACKEO. If a slave receives other than a local
address, no acknowledge signal is output.
The acknowledge signal output method during data reception depends on the wait timing setting, as follows.

¢ 8-clock wait: Acknowledge signal is output when the value of ACKEO becomes 1 before wait cancellation is
performed.

e 9-clock wait: Acknowledge signal is automatically output in synchronization with the falling edge of the 8th clock
of SCLO by setting ACKEO to 1 beforehand.
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15.4.5 Stop condition

When the SDAO pin changes from low level to high level while the SCLO pin is at high level, a stop condition is
generated.

A stop condition is the signal that is output when serial transfer from the master to a slave is completed. Slaves
incorporate hardware for the detection of stop conditions.

Figure 15-12. Stop Condition

SCLO

SDAO

A stop condition is generated when bit 0 (SPT0) of SMB control register 0 (SMBCO) is set to 1. If, when a stop
condition is detected, bit 0 (SPDO) of SMB status register 0 (SMBS0) and bit 4 (SPIEQ) of SMBCO are set to 1,
INTSMBO is generated.
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15.4.6 Wait signal (WAIT)

A wait signal (WAIT) indicates to the other party that the master or slave is getting ready (wait status) to send or
receive data.

A wait status is notified by making the SCLO pin low level. When the wait status of both the master and slave is
canceled, the next transmission starts.
Figure 15-13. Wait Signal (1/2)

(1) When master = 9-clock wait, slave = 8-clock wait
(Master: send, Slave: receive, ACKEOQ = 1)

Return master to Hi-Z but

slave waits (low level) Wait after 9th clock
output
SMBO | SMBO data write (wait canceled)
\

SCLO 6 7 8 9 1 2 3

Wait after 8th clock

output
SMBO | SMBO « FFH, or WRELO « 1

\
SCLO
ACKEO H

SCLO 6 7 8 |:| 1 2 3
SDAO X DZX D1 X DOX ACK / D7 X D6 X D5
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SMBO
SCLO
SMBO
SCLO
ACKEO

]

Transmission Line

Figure 15-13. Wait Signal (2/2)

(2) Master, slave = 9-clock wait

(Master: send, Slave: receive, ACKEO = 1)

Both master and slave
wait after 9th clock
output

| SMBO data write (wait canceled)

6 7 8 9 1

| SMBO « FFH, or WRELO « 1

SCLO

SDAO

N e Yo )

XDZXD1XDOXTACK/ X D7

Output according to previously set ACKEO

Remark ACKEO: SMB control register 0 (SMBCO) bit 2
WRELO: SMB control register 0 (SMBCO) bit 5

Waits are automatically generated by setting bit 3 (WTIMO) of SMB control register 0 (SMBCO).
Normally, the receive side cancels the wait status when SMBCO bit 5 (WRELO) = 1 or SMB shift register (SMBO)
« FFH write, and the transmit side cancels the wait status when data is written to SMBO.

In the case of the master, wait status can be canceled by the following methods.

¢ Setting SMBCO bit 1 (STTO0) to 1
e Setting SMBCO bit 0 (SPTO) to 1
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15.4.7 SMBO interrupt (INTSMBO0)
The following section shows the values of SMB status register 0 (SMBSO0) using the INTSMBO interrupt request
generation timing and INTSMBO interrupt timing.

Caution The case when AWTIMO = 0 is described here.

(1) Master operation
(a) Start— Address — Data — Data — Stop (normal send/receive)

<1> When WTIMO =0

[ sT| ADstoADO | RW| AK | D7toD0 | AK| D7toD0 | AK | sP |
00 Iy a2 A3 A4 15

¢ 0: SMBS0 =10001010B
A 1: SMBSO = 1000x110B
A 2: SMBSO0 = 1000x000B
A 3: SMBS0 = 1000x000B
A 4: SMBSO0 = 1000xx00B
A5: SMBS0 = 00000001B
Remark ¢ Generate only when STIEO = 1
A Always generate
A Generate only when SPIEO = 1
X Don't care

<2> When WTIMO =1

[ sT| ADstoADO | RW| AK | D7toD0 | AK| D7toD0 | AK | sP |
00 AT A2 A3 M

¢ 0: SMBSO0 =10001010B
A 1: SMBSO0 = 1000x110B
A 2: SMBSO0 = 1000x100B
A 3: SMBSO0 = 1000xx00B
A4: SMBS0 = 00000001B
Remark ¢ Generate only when STIEO = 1
A Always generate
A Generate only when SPIEO = 1
X Don't care
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(b) Start — Address — Data — Start — Address — Data — Stop (restart)

<1> When WTIMO =0

[ 7| AD6toADO | AW | AK | D7toD0 | AK | ST | AD6toADO | RW| AK | D7toD0 | AK | sP|

00

0 0:
A1
A2:
A3
A4
A5
AB:

Remark

A1

SMBSO0 = 10001010B
SMBSO0 = 1000x110B
SMBSO0 = 1000x000B
SMBSO0 = 1000x110B
SMBS0 = 1000x000B
SMBSO0 = 1000xx00B
SMBSO0 = 00000001B

A2

Generate only when STIEO = 1

Generate only when SPIEO = 1

Don't care

<2> When WTIMO = 1

O
A Always generate
A
X

A3

A4 A5 N6

[ sT| AD6toADO | RW | AK | D710D0 | AK | ST | AD6toADO | RW| AK | D7toD0 | Ak | sP |

00

¢ 0:
Al
A2
A3
A4
A5:

Remark

A1

SMBSO0 = 10001010B
SMBSO0 = 1000x110B
SMBSO0 = 1000xx00B
SMBSO0 = 1000x110B
SMBSO0 = 1000xx00B
SMBS0 = 00000001B

A2

Generate only when STIEO = 1

Generate only when SPIEO = 1

Don't care

O
A Always generate
A
X
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(c) Start— Code — Data — Data — Stop (extension code transmission)

<1> When WTIMO =0

[ 7| ADstoADO | RW| AK | D7toD0 | AK | D7toD0 | AK | SP |
00 A a2 A3 A4 15

¢ 0: SMBS0 = 10001010B
A 1: SMBSO = 1010xx10B
A2: SMBSO = 1010x000B
A 3: SMBSO = 1010x000B
A 4: SMBSO = 1010xx00B
A5: SMBS0 = 00000001B

Remark Generate only when STIEQ =1

o

A Always generate

A Generate only when SPIEO = 1
X

Don't care

<2> When WTIMO =1

[ st | ADstoADO | RW | AK | D7toD0 | AK | D7toD0 | AK | SP |
00 Al 2 A3 14

¢ 0: SMBS0 = 10001010B
A 1: SMBSO =0010x110B
A2: SMBSO0 = 0010x100B
A 3: SMBSO0 = 0010xx00B
A4: SMBS0 = 00000001B

Remark Generate only when STIEQ = 1

¢

A Always generate

A Generate only when SPIEO = 1
X

Don't care
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(2) Slave operation (during slave address data reception (matching SVAO0))
(a) Start — Address — Data— Data — Stop

<1> When WTIMO =0

| sT| ADstoADO | RW| AK | D7toD0 | AK| D7toD0 | AK| sP |
%0 e A2 A3 N4

¢ 0: SMBS0 = 00000010B
A 1: SMBSO0 = 0001x110B
A 2: SMBSO0 = 0001x000B
A 3: SMBS0 = 0001x000B
A4: SMBS0 = 00000001B

Remark Generate only when STIEOQ = 1

¢

A Always generate

A Generate only when SPIEO = 1
X

Don't care
<2> When WTIMO =1

[ sT| AD6toADO | RW| AK | D710D0 | AK| D7t0D0 | AK | SP |
00 A A2 A3 /M

¢ 0: SMBS0 = 00000010B
A 1: SMBS0 =0001x110B
A2: SMBSO0 = 0001x100B
A 3: SMBSO0 = 0001xx00B
A4: SMBS0 = 00000001B
Remark ¢ Generate only when STIEO = 1
A Always generate
A Generate only when SPIEO = 1
X Don't care
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(b) Start — Address — Data — Start — Address — Data — Stop

<1> When WTIMO = 0 (matching SVAO after restart)

| sT| ADstoADO | RW | AK | D7toD0 | AK | ST | ADBt0ADO | RW| AK | D710D0 | Ak | sP|

o0

0 0:
A1
A2:
A3:
A4
A5:

Remark

A1

SMBSO0 = 00000010B
SMBSO0 = 0001x110B
SMBSO0 = 0001x000B
SMBSO0 = 0001x110B
SMBSO0 = 0001x000B
SMBSO0 = 00000001B

A2

Generate only when STIEO = 1

Generate only when SPIEO = 1

Don't care

o
A Always generate
A
X

<2> When WTIMO = 1 (matching SVAO after restart)

A3

A4

N5

[ sT|AD6t0ADO | AW | AK | D7t0D0 | Ak | ST | AD6toADO | RW| AK | D7toD0 | Ak | sP |

00

0 0:
Al
A2
A3
A4
A5:

Remark ¢

A1

SMBS0 = 00000010B
SMBS0 = 0001x110B
SMBSO0 = 0001xx00B
SMBS0 = 0001x110B
SMBSO0 = 0001xx00B
SMBS0 = 00000001B

A2

Generate only when STIEO = 1

A Always generate

A Generate only when SPIEQ = 1

X Don't care
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(c) Start— Address — Data — Start— Code — Data — Stop

<1> When WTIMO = 0 (extension code reception after restart)

[ sT] AD6t0ADO | AW | AK | D710D0 | Ak | sT| AD6toADO | RW| AK | D7toD0 | Ak | sP |

00

0 0:
Al
A2
A3
A4
A5

Remark

Al

SMBSO0 = 00000010B
SMBSO0 = 0001x110B
SMBSO0 = 0001x000B
SMBSO0 = 0010x010B
SMBSO0 = 0010x000B
SMBSO0 = 00000001B

A2

Generate only when STIEO = 1

Generate only when SPIEO = 1

Don't care

¢
A Always generate
A
X

A3

<2> When WTIMO = 1 (extension code reception after restart)

A4

A5

[ sT| ADstoADO | AW | AK | D7toD0 | AK | sT | ADBtoADO | RW| AK | D7toD0 | AK | sP |

00

0 0:
Al
A2
A3
A4
AS5:
AB:

Remark ¢

A1l

SMBSO0 = 00000010B
SMBS0 = 0001x110B
SMBSO0 = 0001xx00B
SMBSO0 = 0010x010B
SMBSO0 = 00100110B
SMBSO0 = 0010xx00B
SMBSO0 = 00000001B

A2

Generate only when STIEO = 1

A Always generate
A Generate only when SPIEO = 1

X Don't care
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(d) Start— Address — Data — Start — Address — Data — Stop

<1> When WTIMO = 0 (unmatching address (except extension code) after restart)

[ 7| ADstoADO | RW | AK | D7toD0 | AK | ST | AD6t0oADO | RW| AK | D710D0 | Ak | sP|
o0 Al A2 A3 N4

¢ 0: SMBS0 = 00000010B
A 1: SMBS0 = 0001x110B
A 2: SMBSO0 = 0001x000B
A 3: SMBSO0 = 0000xx10B
A4: SMBS0 = 00000001B
Remark ¢ Generate only when STIEQ = 1
A Always generate
A Generate only when SPIEO = 1
X Don't care

<2> When WTIMO = 1 (unmatching address (except extension code) after restart)

| 7| ADstoADO | RW | AK | D7toD0 | AK | ST | ADBt0ADO | RW| AK | D710D0 | AK | sP |
00 Al A2 A3 A4

¢ 0: SMBSO0 = 00000010B
A 1: SMBS0 =0001x110B
A 2: SMBSO0 = 0001xx00B
A 3: SMBSO0 = 0000xx10B
A 4: SMBS0 = 00000001B

Remark Generate only when STIEQ = 1

Generate only when SPIEO = 1

o
A Always generate
A
X Don't care
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(3) Slave operation (during extension code reception)

258

(a) Start — Code — Data— Data — Stop

<1> When WTIMO =0

<2>

¢ 0:
Al
A2
A3
A4

Remark

[ s7 AD6 1o ADO |

RW| Ak | D7toD0 | Ak | D710D0 | AK | sP |

00

SMBS0 = 00000010B
SMBSO0 = 0010x010B
SMBSO0 = 0010x000B
SMBSO0 = 0010x000B
SMBS0 = 00000001B

Al A2 A3 N4

Generate only when STIEO = 1

Generate only when SPIEO = 1

Don't care

When WTIMO = 1

0 0:
Al
A2
A3
A4
A5

Remark

0
A Always generate
A
X

[ sT AD6 1o ADO |

Rw| AK | D7toD0 | AK| D7toD0 | Ak | sP |

¢0

SMBSO0 = 00000010B
SMBSO0 = 0010x010B
SMBSO0 = 0010x110B
SMBSO0 = 0010xx00B
SMBSO0 = 0010xx00B
SMBS0 = 00000001B

Al A2 A3 A4 A5

Generate only when STIEO = 1

Always generate

Don't care

o
A
A Generate only when SPIEO = 1
X

User's Manual U14186EJ6VOUD



CHAPTER 15 SMBO (#PD789167Y AND 789177Y SUBSERIES)

(b) Start— Code — Data — Start — Address — Data — Stop

<1> When WTIMO = 0 (matching SVAO after restart)

[ sT| AD6toADO | RW | AK | D710D0 | AK | ST | ADSt0ADO | RW[ AK | D7toD0 | Ak | sP |

Q0

0 0:
Al
A2:
A3
A4
A5:

Remark

Al

SMBSO0 = 00000010B
SMBSO0 = 0010x010B
SMBSO0 = 0010x000B
SMBSO0 = 0001x110B
SMBSO0 = 0001x000B
SMBSO0 = 00000001B

A2

Generate only when STIEO = 1

Generate only when SPIEQ = 1

Don't care

o
A Always generate
A
X

<2> When WTIMO = 1 (matching SVAO after restart)

A3

A4

A5

[ sT| AD610ADO | AW | AK | D710D0 | Ak | ST | AD6toADO | RW| AK | D7toD0 | Ak | sP |

00

¢ 0:
A1
A2:
A3
A4
A5
AB6:

Remark

Al A2

SMBSO0 = 00000010B
SMBSO0 = 0010x010B
SMBSO0 = 0010x110B
SMBSO0 = 0010xx00B
SMBSO0 = 0001x110B
SMBSO0 = 0001xx00B
SMBSO0 = 00000001B

A3

Generate only when STIEO = 1

Generate only when SPIEQO = 1

Don't care

O
A Always generate
A
X
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(c) Start— Code — Data — Start — Code — Data — Stop

<1> When WTIMO = 0 (extension code reception after restart)

[ sT | AD6t0ADO | RW| AK | D7toD0 | AK | ST | AD6toADO | RW| AK | D7toD0 | Ak | sP|

00

¢ 0:
Al
A2
A3
A4
AS5:

Remark

Al

SMBSO0 = 00000010B
SMBSO0 = 0010x010B
SMBSO0 = 0010x000B
SMBSO0 = 0010x010B
SMBSO0 = 0010x000B
SMBSO0 = 00000001B

A2

Generate only when STIEO = 1

Generate only when SPIEO = 1

Don't care

O
A Always generate
A
X

A3

<2> When WTIMO = 1 (extension code reception after restart)

A4

A5

[ sT| ADstoADO | RW| AK | D7toD0 | AK | sT | ADBtoADO | RW| AK | D7toD0 | AK | sP |

00

¢ 0:
ATl
A2:
A3
A4
A5
AG:
AT:

Remark ¢

Al A2

SMBS0 = 00000010B
SMBSO0 = 0010x010B
SMBS0 = 0010x110B
SMBSO0 = 0010xx00B
SMBSO0 = 0010x010B
SMBSO0 = 0010x110B
SMBSO0 = 0010xx00B
SMBSO0 = 00000001B

A3

Generate only when STIEO = 1

A Always generate

A Generate only when SPIEQ = 1

X Don't care
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(d) Start— Code — Data — Start — Address — Data — Stop

<1> When WTIMO =0 (unmatching address (except extension code) after restart)

[ st | AD6toAD0 | RW| AK | D7toD0 | AK | sT | ADBtoADO | RW| AK | D7toD0 | Ak | sP |
00 Al a2 a3 A4

¢ 0: SMBSO0 = 00000010B
A 1: SMBSO0 =0010x010B
A 2: SMBSO0 = 0010x000B
A 3: SMBSO0 = 00000x10B
A4: SMBS0 = 00000001B
Remark ¢ Generate only when STIEO =1
A Always generate
A  Generate only when SPIEO = 1
X Don't care

<2> When WTIMO = 1 (unmatching address (except extension code) after restart)

[ 7| AD6t0ADO | AW | AK | D710D0 | AK | ST | ADStoADO | RW| AK | D7toD0 | Ak | sP |
00 Al A2 A3 A4 A5

¢ 0: SMBS0 = 00000010B
A 1: SMBSO0 = 0010x010B
A2: SMBSO0 =0010x110B
A 3: SMBSO0 = 0010xx00B
A 4: SMBS0 = 00000x10B
A5: SMBSO0 = 00000001B

Remark Generate only when STIEQ = 1

O

A Always generate

A Generate only when SPIEO = 1
X

Don't care

(4) Non-participation in communication

(a) Start— Code — Data — Data — Stop

[ 7| ADstoAD0 | RW| AK | D7toD0 | AK | D7toD0 | AK | SP |
©0 A1

¢ 0: SMBS0 = 00000010B
A1: SMBS0 = 00000001B

Remark ¢ Generate only when STIEO =1
A Generate only when SPIEO = 1
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(5) Arbitration defeat operation (operation as slave after arbitration defeat)

262

(a) In case of arbitration defeat during slave address data transmission

<1> When WTIMO =0

<2>

| sT| ADstoADO | RW | AK | D7toD0 | AK| D7toD0 | AK | SP |

00

Al A2 A3 N4

¢ 0: SMBS0 =10001010B
A 1: SMBSO0 =0101x110B (Example: Read ALDO during interrupt processing)
A 2: SMBSO0 = 0001x000B
A 3: SMBS0 = 0001x000B
A4: SMBSO0 = 00000001B

Remark ¢
A

A
X

Generate only when STIEO = 1
Always generate

Generate only when SPIEO = 1
Don't care

When WTIMO = 1

| sT| AD6toADO | RW| AK | D7toD0 | AK| D710D0 | AK | sP |

00

Al A2 A3 N4

¢ 0: SMBS0 =10001010B
A 1: SMBSO0 =0101x110B (Example: Read ALDO during interrupt processing)
A2: SMBSO0 = 0001x100B
A 3: SMBS0 = 0001xx00B
A4: SMBSO0 = 00000001B

Remark ¢
A

A
X

Generate only when STIEO = 1
Always generate

Generate only when SPIEO = 1
Don't care
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(b) In case of arbitration defeat during extension code transmission

<1> When WTIMO =0

<2>

0 0:
A1
A2
A3
A4

Remark

[ st | AD6toADO | RW| AK | D7toD0 | AK| D7t0D0 | AK| sP |

¢0

Al A2 A3 N4

SMBSO0 = 10001010B
SMBSO0 = 0110x010B (Example: Read ALDO during interrupt processing)
SMBSO0 = 0010x000B
SMBSO0 = 0010x000B
SMBS0 = 00000001B

¢
A
A
X

Generate only when STIEQ = 1
Always generate

Generate only when SPIEQ = 1
Don't care

When WTIMO = 1

¢ 0:
Al
A2
A3
A4
A5:

Remark

[ st | ADstoADO | RW| AK | D7toD0 | AK| D7toD0 | AK| sP |

00

Al A2 A3 A4 N5

SMBSO0 = 10001010B
SMBSO0 = 0110x010B (Example: Read ALDO during interrupt processing)
SMBSO0 = 0010x110B
SMBSO0 = 0010x100B
SMBSO0 = 0010xx00B
SMBSO0 = 00000001B

%
A
A
X

Generate only when STIEQ = 1
Always generate

Generate only when SPIEO = 1
Don't care
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(6) Arbitration defeat operation (non-participation after arbitration defeat)

(a) In case of arbitration defeat during slave address data transmission

| sT| ADstoADO | RW| AK | D7toD0 | AK| D7toD0 | AK| sP |
00 Al A2

¢ 0: SMBSO0 =10001010B
A 1: SMBSO0 = 01000110B (Example: Read ALDO during interrupt processing)
A2: SMBS0 = 00000001B

Remark ¢ Generate only when STIEOQ = 1
A Always generate

A Generate only when SPIEO = 1

(b) In case of arbitration defeat during extension code transmission

| sT| AD6toADO | RW| AK | D7toD0 | AK| D7toD0 | AK| sP |
00 A A2

¢ 0: SMBSO0 =10001010B
A 1: SMBSO0 = 0110x010B (Example: Read ALDO during interrupt processing,
LRELO = 1 set by software)
A2: SMBS0 = 00000001B
Remark Generate only when STIEQ = 1

¢

A Always generate

A Generate only when SPIEO = 1
X

Don't care
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(c) In case of arbitration defeat during data transmission

<1> When WTIMO =0

| 7| AD6t0ADO | AW | AK | D710D0 | AK | D7toD0 | AK | SP |
00 A A2 A3

¢ 0: SMBS0 =10001010B
A 1: SMBSO =10001110B
A 2: SMBSO0 = 01000000B (Example: Read ALDO during interrupt processing)
A3: SMBSO0 = 00000001B

Remark ¢ Generate only when STIEQ =1
A Always generate

A Generate only when SPIEO = 1

<2> When WTIMO =1

| sT| AD6t0ADO | RW | AK | D710D0 | AK | D7t0D0 | AK | sP|
00 A A2 A3

¢ 0: SMBS0 =10001010B

A 1: SMBS0 = 10001110B

A 2: SMBSO0 = 01000100B (Example: Read ALDO during interrupt processing)
A 3: SMBS0 = 00000001B

Remark ¢ Generate only when STIEO = 1

A Always generate
A  Generate only when SPIEQO = 1
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(d) In case of defeat by restart condition during data transmission

<1> Other than extension code (Example: Matching SVAO0)

| sT| AD6toADO | RW | AK | D7toDn | sT | AD6toADO | RW| Ak | D710D0 | Ak | spP|
00 Al a2 A3

¢ 0: SMBS0 =10001010B
A 1: SMBSO = 1000x110B

A 2: SMBSO0 = 01000110B (Example: Read ALDO during interrupt processing)
A 3: SMBSO0 = 00000001B

Remark ¢ Generate only when STIEO =1
A Always generate
A Generate only when SPIEO = 1
x Don't care
Dn = D6 to DO

<2> Extension code

| sT| AD6toADO | AW | AK | D7t0Dn | ST ADBt0ADO | RW| AK | D7toD0 | Ak | sP |
00 A A2 A3

¢ 0: SMBS0 =10001010B

A 1: SMBSO0 = 1000x110B

A 2: SMBSO0 = 0110x010B (Example: Read ALDO during interrupt processing,
SMBCO: LRELO = 1 set by software)

A3: SMBSO0 = 00000001B

Remark ¢ Generate only when STIEO =1
A Always generate
A Generate only when SPIEO = 1
x Don't care
Dn = D6 to DO

266 Users Manual U14186EJ6VOUD



CHAPTER 15 SMBO (#PD789167Y AND 789177Y SUBSERIES)

(e) In case of defeat by stop condition during data transmission

[ sT| AD6t0ADO | AW | AK | D7t10Dn | sP |
00 N A2

¢ 0: SMBS0 =10001010B
A 1: SMBSO0 = 1000x110B
A2: SMBS0 =01000001B

Remark ¢ Generate only when STIEO = 1
A Always generate
A Generate only when SPIEO = 1
x Don't care
Dn = D6 to DO
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(f) In case of arbitration defeat by data low level while attempting to generate restart condition

<1> When WTIMO =0

STTO=1

l

| sT| Ap610ADO | RW| AK | D710D0 | AK| D7toD0 | Ak | D7toD0 | AK] sP|

0 0:
Al
A2:
A3
A4
A5:

Remark

00

Al A2 A3 A4 A

SMBSO0 = 10001010B
SMBSO0 = 1000x110B
SMBSO0 = 1000x000B
SMBSO0 = 1000xx00B
SMBSO0 = 10000000B (Example: Read ALDO during interrupt processing)
SMBSO0 = 00000001B

o
A
A
X

Generate only when STIEO = 1
Always generate

Generate only when SPIEO = 1
Don't care

<2> When WTIMO =1

STTO =1

'

| sT| ADstoADO | RW| AK | D7toD0 | AK| D7toD0 | AK| D710D0 | Ak | sP|

¢ 0:
A1
A2:
A3
A4

Remark

00

Al A2 A3 N4

SMBSO0 = 10001010B
SMBSO0 = 1000x110B
SMBSO0 = 1000xx00B
SMBSO0 = 01000100B (Example: Read ALDO during interrupt processing)
SMBSO0 = 00000001B

¢
A
A
X

Generate only when STIEQ = 1
Always generate

Generate only when SPIEO = 1
Don't care
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(g) In case of arbitration defeat by stop condition while attempting to generate restart condition

<1> When WTIMO =0

STTO =1

[ sT| AD6toADO | RW| Ak | D7t0D0 | AK | sP|
00 A A2 A3 A4

¢ 0: SMBS0 =10001010B
A 1: SMBSO0 = 1000x110B
A2: SMBS0 = 1000x000B
A 3: SMBSO0 = 1000xx00B
A4; SMBSO0 = 01000001B

Remark ¢ Generate only when STIEO = 1
A Always generate
A Generate only when SPIEO = 1
X Don't care

<2> When WTIMO =1

STTO =1

[ 7| ADstoAD0 | RW| AK | D7toD0 | AK | sP|
00 AT A2 13

¢ 0: SMBS0 =10001010B
A 1: SMBSO0 = 1000x110B
A 2: SMBSO0 = 1000xx00B
A3: SMBSO0 = 01000001B
Remark ¢ Generate only when STIEO = 1
A Always generate
A Generate only when SPIEO = 1
X Don't care
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(h) In case of arbitration defeat by data low level while attempting to generate a stop condition

<1> When WTIMO =0

SPTO =1

'

| sT| Ap6t0ADO | RW| AK | D710D0 | AK| D7toD0 | AK| D7toD0 | Ak] sP|

0 0:
A1
A2:
A3
A4
A5:

Remark

¢0

Al A2 A3 A4 PA)

SMBSO0 = 10001010B
SMBSO0 = 1000x110B
SMBSO0 = 1000x000B
SMBSO0 = 1000xx00B
SMBSO0 = 01000000B (Example: Read ALDO during interrupt processing)
SMBSO0 = 00000001B

%
A
A
X

Generate only when STIEO = 1
Always generate

Generate only when SPIEO = 1
Don't care

<2> When WTIMO =1

SPTO=1

l

| sT| AD6t0oADO | AW | AK | D710D0 | AK| D7toD0 | AK| D7toD0 | Ak | sP|

0 0:
Al
A2
A3
A4

Remark

¢0

Al A2 A3 N4

SMBSO0 = 10001010B
SMBSO0 = 1000x110B
SMBSO0 = 1000xx00B
SMBSO0 = 01000000B (Example: Read ALDO during interrupt processing)
SMBS0 = 00000001B

0
A
A
X

Generate only when STIEO = 1
Always generate

Generate only when SPIEO = 1
Don't care
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(7) Slave operation (after STOP mode is released)
(a) Start— Address — Data — Data — Stop

<1> When WTIMO =0

| ST | AD6-ADO | RW| | AK | D7-DO | AK | D7-DO | AK| SP|
Al A2 A3
Oscillation stabilization time

A 1: SMBSO = 0001X010B
A 2: SMBS0 = 0001X000B
A 3: SMBSO0 = 0001X000B

Remark A Always generate
x Don't care

<2> When WTIMO =1

[ s| Ap6-ap0 | RW| [ ac] Dp7po | Ak| D70 | Ak | sP |
Al A2 A3
Oscillation stabilization time

A 1: SMBS0 = 0001X010B
A 2: SMBSO0 = 0001X100B
A 3: SMBSO0 = 0001XX00B

Remark A Always generate
x Don't care

Cautions 1. Be sure to set STIEO = SPIEO = 0 when releasing STOP mode upon address
match. In this case however, the timeout count operation or stop operation
cannot be controlled, because an interrupt is not generated even if a start
or stop condition is output by another device during STOP mode operation.

2. When releasing STOP mode, the timeout count operation cannot be
performed in the period from the start condition to oscillation stabilization,
because an interrupt is not generated when a start condition is generated.
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15.4.8 Interrupt request (INTSMBO0) generation timing and wait control

INTSMBO generation and wait control can be performed at the timing indicated in Table 15-3 by setting bit 3
(WTIMO) of SMB control register 0 (SMBCO).

Table 15-3. INTSMBO Generation Timing and Wait Control

WTIMO AWTIMO During Slave Operation During Master Operation
Address Data Receive | Data Transmit Address Data Receive | Data Transmit
0 0 ghetes -2 ghore? ghoe? 9 8 8
1 ghotes 1.2
1 0 gheresn2 Thad Thad 9 9 9
1 ghotes 1.2
Notes 1. INTSMBO and wait signals are generated by a slave at the falling edge of the 8th or 9th clock according

to the setting of AWTIMO only when matching with the address of the SMB slave address register
(SMBSVAO) occurs.
Moreover, at this time, an ACK signal is output regardless of the setting of bit 2 (ACKEO) of SMBCO. A
slave that receives an extension code generates INTSMBO at the falling edge of the 8th clock.

2. If the address received does not match the address set in SMB slave address register 0 (SMBSVAQ),
the slave does not generate INTSMBO and wait signals.

Remark Figures listed in Table 15-3 above indicate the number of serial clocks. Interrupt requests and wait
control are synchronized with the falling edge of the serial clock.
(1) During address transmission/reception

()

©)

(4)

272

Interrupt and wait timing is set based on the conditions described in notes 1 and
2 above regardless of the WTIMO bit setting.

¢ During master operation: Interrupt and wait signals are generated at the falling edge of the 9th clock
regardless of the WTIMO bit setting.

e During slave operation:

During data reception
¢ During master/slave operation: Interrupt and wait timing is set by the WTIMO bit.

During data transmission
e During master/slave operation: Interrupt and wait timing is set by the WTIMO bit.

Wait cancellation method
Waits can be canceled by one of the following four methods.

Setting SMB control register 0 (SMBCO) bit 5 (WRELDO) to 1
Performing SMB shift register 0 (SMBO0) write operation

o Setting a start condition (by setting SMBCO bit 1 (STTO) to 1)
Setting a stop condition (by setting SMBCO bit 0 (SPTO) to 1)

When 8-clock wait is selected (WTIMO = 0), the ACK output level must be determined before the wait status
is released.
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(5) Stop condition detection
An INTSMBO signal is output when a stop condition is detected (only when SPIEO = 1).

(6) Start condition detection
An INTSMBO signal is output when a start condition is detected (only when STIEO = 1).
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15.4.9 Matching address detection method

In SMB mode, a particular slave device can be selected by sending that slave address to the master.

The detection of matching addresses is performed automatically by hardware. If a local address has been set in
SMB slave address register 0 (SMBSVAQ), and the slave address sent from the master matches the address set in
SMBSVAQO, or if the extension code is received, an INTSMBO interrupt request is generated.

15.4.10 Error detection

In SMB mode, because the status of the serial data bus (SDAO) during transmission is also input to SMB shift
register 0 (SMBO), transmission errors can be detected by comparing the SMBO data before transmission start and at
transmission end. If the two data do not match, a transmission error is considered to have occurred.

15.4.11 Extension code

(1)

@)

An extension code is considered to have been received when the high four bits of the receive address are
0000 or 1111, and in this case the extension code receive flag (EXCO) is set and an interrupt request
(INTSMBO) is generated at the falling edge of the 8th clock.

The local address stored in SMB slave address register 0 (SMBSVAO) is not affected.

When 111110xx is set to SMBSVAO and 111110xx0 is transferred from the master during transfer of a 10-bit
address, the following occurs. However, INTSMBO is generated at the falling edge of the 8th clock.

« Matching high 4 bits: EXCO = 1"
e Matching 7-bit data: COIO0 = 1"

Note EXCO: SMB status register 0 (SMBSO0) bit 5

@)

COI0: SMB status register 0 (SMBSO0) bit 4

Because the processing after an interrupt request is generated differs depending on the data that follows the
extension code, it is performed by software. For instance, if operation as a slave is not desired following the
reception of an extension code, set LRELO to 1, in which case the following communication standby status is
entered.

Table 15-4. Extension Code Bit Definition

Slave Address R/W Bit Description
0000 000 0 General call address
0000 000 1 Start byte
0000 001 X CBUS address
0000 010 X Address reserved for different bus format
1111 Oxx X 10-bit slave address specification

Addresses reserved for system management bus are described below.

Slave Address Description
0001 000 SMB host
0001 100 Response address for SMB alert
1010 001 Default address of SMB device
1001 Oxx Free address
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15.4.12 Arbitration
If several masters output a start condition simultaneously (when STTO is set to 1 before STDO is set to 1
master communication is performed while adjusting the clock until data differs. This operation is referred to as

Note) ,

arbitration.

A master defeated in arbitration sets the arbitration defeat flag (ALDO) of SMB status register 0 (SMBSO0), and sets
the SCLO and SDAO lines to Hi-Z to release the bus.

Arbitration defeat is detected by software when ALDO = 1 at the next interrupt request generation timing (8th or
9th clock, stop condition detection, etc.).

For the interrupt generation timing, see 15.4.7 SMBO interrupt (INTSMBO).

Note STDO: SMB status register 0 (SMBSO) bit 1
STTO: SMB control register 0 (SMBCO) bit 1

Figure 15-14. Arbitration Timing Examples

scLo \ / \_/_\_/_\_/_\_/_\'i".z..

Hi-Z

ooRe w """
Master 1

Master 2 arbitration defeat

aawauia
e
sl alala

Master 1

SCLO

SDAO

Transmission Line

SCLO
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Table 15-5. Status at Arbitration and Interrupt Request Generation Timing

Status at Arbitration

Interrupt Request Generation Timing

Address transmission in progress

Read/write information following address transmission

Extension code transmission in progress

Read/write information following extension code transmission

Data transmission in progress

ACK transmission in progress following data transmission

Data transmission in progress, restart condition detection

Falling edge of 8th or 9th clock following byte transmission

Note 1

Data transmission in progress, stop condition detection

During stop condition output (SPIEQ = 1)***?

Attempt to output restart condition was made, but data was
low level

Falling edge of 8th or 9th clock following byte transfer

Note 1

Attempt to output restart condition was made, but stop
condition was detected

During stop condition output (SPIEQ = 1)"**

Attempt to output stop condition was made, but data was low
level

Attempt to output restart condition was made, but SCLO was
low level

Falling edge of 8th or 9th clock following byte transfer

Note 1

Notes 1. If WTIMO (bit 3 of SMB control register 0 (SMBCO) = 1, an interrupt request is generated at the falling
edge of the 9th clock. During reception of an extension code slave address when WTIMO = 0, an
interrupt request is generated at the falling edge of the 8th clock.

2. If there is a possibility of arbitration occurring, set SPIEO to 1 for master operation.

Remark SPIEO: SMB control register 0 (SMBCO) bit 4

15.4.13 Wakeup function

The SMBO slave function generates an interrupt request (INTSMBO0) when a local address and extension code are
received. This interrupt enables release of STOP mode and HALT mode.
When the address does not match, no unnecessary interrupt request is generated, allowing greater processing

efficiency.

When a start condition is detected, the wakeup standby status is entered. Because even a master (when a start
condition is output) may become a slave if defeated in arbitration, the wakeup standby status is entered while address

transmission is performed.

However, when a stop condition is detected, interrupt request enable/disable is determined by setting bit 4
(SPIEO) of SMB control register 0 (SMBCO) regardless of the wakeup function.
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15.4.14 Communication reservation

If, during non-participation on the bus, the next master communication is desired, a start condition can be made to
be sent at bus release by performing communication reservation. Non-participation on the bus includes the following
two statuses.

e When unit neither master nor slave during bus arbitration
¢ When extension code is received and unit does not operate as slave (released bus with SMB control register 0

(SMBCO) bit 6 (LRELO) = 1, without returning ACK).

When bit 1 (STTO) of SMBCO is set during non-participation on the bus, a start condition is generated
automatically after the bus is released (following detection of stop condition), and the wait status is entered.

When bus release is detected (detection of stop condition), address transmission as master is started through a
SMB shift register 0 (SMBO) write operation. At this time, set SMBCO bit 4 (SPIEO).

When STTO is set, whether operation as a start condition or operation as communication reservation is selected
depends on the bus status.

e Ifbusisreleased........ccccooviriieiiiiiennnns Start condition generation
e If bus is not released (standby status).... Communication reservation

The method to detect which operation is selected by STTO is to set STTO, and reconfirm the STTO bit after the
wait time elapses.

Secure the wait time by software as shown in Table 15-6. The wait time is set by bit 3 (SMCO0) of SMB clock
selection register 0 (SMBCLDO).

Table 15-6. Wait Time

SMCO Wait Time
0 46 clocks
1 16 clocks
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The communication reservation timing is shown in Figure 15-15.

Figure 15-15. Communication Reservation Timing

Program processing STTO SMBO
=1 write
Commu- SPDO,
Hardware processing |nication INTSMBO si-tl;::rio
reservation setting 9
SCLO

SDAO

Output of master
that occupied bus

SMBO0: SMB shift register 0

STTO: SMB control register 0 (SMBCO) bit 1
STDO: SMB status register 0 (SMBSO0) bit 1
SPDO: SMB status register 0 (SMBSO0) bit 0

Communication reservations are received at the following timing. After bit 1 (STDO) of SMB status register 0
(SMBSO0) becomes 1, communication reservation is done by setting bit 1 (STTQ0) of SMB control register 0 (SMBCO0)
to “1” before detection of a stop condition.

Figure 15-16. Communication Reservation Reception Timing

scLo J
o

STDO

— |
—

/o

SPDO

Standby state
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Figure 15-17 shows the communication reservation procedure.

Figure 15-17. Communication Reservation Procedure

(Communication reservation)Nete

DI

SET1 STTO

Definition of communication
reservation

Wait

No

Release of communication
reservation

MOV SMBO, #xxH

El

; Set STTO flag (communication reservation)

; Define that communication reservation is
in progress (define user flag in any RAM,
and set)

; Secure wait time by software (see
Table 15-6)

; Check STTO flag

(Generate start condition)

; Clear user flag

; SMBO write operation

Note During the communication reservation operation, execute writing to SMB shift register 0 (SMBO0) using a

stop condition interrupt.

15.4.15 Additional cautions

If, after reset, master communication is attempted from a status where no stop condition is detected (bus is not
released), a stop condition must be generated and the bus released before performing master communication.

In the case of multiple masters, master communication cannot be performed while the bus is not released (stop

condition not detected).

A stop condition is generated in the following sequence.

<1> Setting of SMB clock selection register 0 (SMBCLO)
<2> Setting of SMB control register 0 (SMBCO) bit 7 (SMBEO)

<3> Setting of SMBCO bit 0 (SPTO0)
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15.4.16 Communication operation

M

280

Master operation
The master operation sequence is illustrated below.

Figure 15-18. Master Operation Sequence

(

START )

Selection of transmission

SMBCLO « xxH

clock

SMBCO « xxH
SMBEO = SPIEO =
WTIMO =1
STTO=1

No

Yes

SMBO write
Start of transmission

Yes (send) ‘

; Detection of stop condition

ACKDO = 1?

No (receive)

Generation of stop condition
(there is no slave with
matching address)

TRCO =17

SMBO write
Start of transmission

<

Data processing

Yes
ACKDO = 1?
No

Generation of restart
condition or stop
condition

‘ ; End of address transmission

SMBCO « xxH
WTIMO =0
ACKEOQ = 1

|
WRELO =1
Start of reception

No

Yes

Data processing

No

Transmission end?

ACKEO=0
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(2) Slave operation
The slave operation sequence is illustrated below.

Figure 15-19. Slave Operation Sequence

( START

SMBCO « xxH
SMBEO = 1

EXCO0=1?

y

Participate in
communication?

LRELO =1

Yes

No
TRCO =17
Yes ‘

WTIMO =1
SMBO write
Start of transmission

—

Data processing

ACKDO =1? SEEE—

No

Yes

Detection of start
condition or stop
condition

SMBCO « xxH
WTIMO =0
ACKEQ =1

I

WRELO =1
Start of transmission

Yes

Data processing

Transmission end?

ACKEO =0

User's Manual U14186EJ6VOUD

No

No

281



CHAPTER 15 SMBO (4PD789167Y AND 789177Y SUBSERIES)

15.5 Timing Charts

In SMB mode, a master can select for communication a slave device from among many such devices by
outputting an address to the serial bus.

After the slave address, the master sends the TRCO bit (bit 3 of SMB status register 0 (SMBSO0)) indicating the
data transmission direction and starts the serial communication with the slave.

The timing charts for data transmission are shown in Figures 15-20 and 15-21.

The shift operation of SMB shift register 0 (SMBO) is performed in synchronization with the falling edge of the
serial clock (SCLO), send data is transmitted to the SO0 latch and output MSB first from the SDAO pin.

Data input to the SDAO pin at the rising edge of SCLO is read by SMBO.
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Figure 15-20. Master — Slave Communication Example
(When 9-Clock Wait Is Selected for Both Master and Slave) (1/3)

Master Device Processing‘

SMBO

ACKDO

\
STDO J \

WTIMO H

SPDO

ACKEO H

MSTS0 J /

STTO

SPTO

| SMBO <« Address

(1) Start condition — Address

| SMBO « Data

\

Start condition

Slave Device Processing‘

Note 1

Notes 1.
2.
3.
4.

SMBO

ACKDO

STDO J

SMBO « FEHN4

P

SPDO

WTIMO

ACKEO

MSTSO0

STTO

SPTO

WRELO

: /]
L |
L ]
L L
ﬂNoteA

Note 1
INTIIC

TRCO

L

Note 2 ‘I :| Note 3

Receive

(When EXCO = 1)

An interrupt signal is output only when STIEO = 1.
An interrupt signal is output only when EXCO = 1.
An interrupt signal is output only when SPIEO = 1.
Perform slave wait cancellation by either changing SMBO « FFH, or setting WRELO.
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Figure 15-20. Master — Slave Communication Example
(When 9-Clock Wait Is Selected for Both Master and Slave) (2/3)

(2) Data

Master Device Processing ‘

SMBO | SMBO « Data | SMBO < Data
f f

ACKDO | | \ |

STDO

SPDO L '

WTIMO H /

ACKEO H / /

MSTSO H

STTO L

SPTO L

WRELO |

INTSMBO

TRCO H

Transmission Line

SCLO 8

SDAO DO

Slave Device Processing ‘

SMBO ) SMBO « FFHNet SMBO « FFHNete

ACKDO |

STDO |

SPDO L /

WTIMO  H / l

ACKEO H

MSTSO |

smo__| |

SPTO L ( \
WR E LO \ |_| Note \ |_| Note

INTSMBO | | \|—|—

TRCO L Receive

Note Perform slave wait cancellation by either changing SMBO « FFH, or setting WRELDO.
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Figure 15-20. Master — Slave Communication Example
(When 9-Clock Wait Is Selected for Both Master and Slave) (3/3)

(3) Stop condition

Master Device Processing ‘

SMBO | SMBO « Data | SMBO « Address
1 1

ACKDO | | |
STDO |
SPDO | |

WTIMO H

ACKEO H

MSTSO0 I_I

o N\
!

WRELO |

|

INTSMBO /l_l |_| \I_l\

( . \ Note 2 Note 3

TRCO H Send

Transmission Line

SCLO

SDAO

Stop Start
condition condition

| SMBO « FFHNte !
l

‘ Slave Device Processing ‘

SMBO | SMBO « FFHMNete!
!

ACKDO |
STDO |
SPDO | |

WTIMO H //
ACKEO H
MSTSO L
STTO L \
SPTO L \

WRELO |—| Note 1 \ |—| Note 1
INTSMBO \| | [ [

Note2 Note3

TRCO L Receive

Notes 1. Perform slave wait cancellation by either changing SMBO « FFH, or setting WRELO.
2. An interrupt signal is output only when SPIEO = 1.
3. Aninterrupt signal is output only when STIEO = 1.
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Figure 15-21. Slave — Master Communication Example
(When 9-Clock Wait Is Selected for Both Master and Slave) (1/3)

(1) Start condition — Address

Master Device Processing ‘

SMBO | SMBO « Address | SMBO ¢« FFHNote2
! 1

ACKDO |

STDO | |\
sPDO |

WTIMO H

ACKEO R /

MSTSO0 J

STTO

SPTO | /

WRELO \\ / "
INTSMBO [ ] A \
\

Note 1

TRCO |\

Transmission Line

SCLO

SDAO R
Start condition
Slave Device Processing ‘
SMBO | SMBO « Data
1
ACKDO /
/
sTDO _| / |
SPDO |
WTIMO H / /

ACKEO H

MSTSO |

STTO L (
SPTO L \
WRELO L \ \

INTSmBO [ | \ \|_|

Note 1
TRCO

Notes 1. Only when STIEO = 1.
2. Perform slave wait cancellation by either changing SMBO « FFH, or setting WRELO.
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Figure 15-21. Slave — Master Communication Example
(When 9-Clock Wait Is Selected for Both Master and Slave) (2/3)

(2) Data

Master Device Processing ‘
SMEO | SMBO « FFHN'® | SMBO « FFHMt®
\ 1

ACKDO I |

STDO |

seoo L \ |

WTIMO H ) /

ACKEO "H /

MSTSO “j

STTO

sero L / |

s e -
INTSMBO A / A1 \

TRCO L (Receive

Transmission Line

SCLO 8 9

SDAO DO \ACK/

Slave Device Processing ‘

SMBO | SMBO « Data  SMBO « Data
I I
ACKDO | |
STDO |

oo L/ /
WTIMO  H / /

ACKEO H

MSTSO |

STTO L

SPTO L

WRELO L \

INTSMBO “| | | |

TRCo H Send

Note Perform slave wait cancellation by either changing SMBO « FFH, or setting WRELO.
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Figure 15-21. Slave — Master Communication Example
(When 9-Clock Wait Is Selected for Both Master and Slave) (3/3)

(3) Stop condition

Master Device Processing ‘

SMBO | SMBO « FFHNetet | SMBO « Address
T !

ACKDO |
STDO I—
SPDO | |

WTIMO R

ACKEO —

MSTSO0 I_l
A1

STTO

i

WRELO |'| Note t

S am)

Trco K / \Niﬂez Note3| |

Transmission Line

SCLO

SDAO

D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO /N-ACK | |

Stop Start
condition condition

‘ Slave Device Processing ‘
SMBO | SMBCO « Data
1

Ackbo | /
STDO / [
SPDO [ ]

WTIMO H /

ACKEO H

MSTSO |

STTO L \

SPTO L \
WRELO \ [
INTSMBO \|_| ]

Note2 Note 3

TRCO |

Notes 1. Perform slave wait cancellation by either changing SMBO « FFH, or setting WRELO.
2. Aninterrupt signal is output only when SPIEO = 1.
3. Aninterrupt signal is output only when STIEO = 1.
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CHAPTER 16 MULTIPLIER

16.1 Multiplier Function

The multiplier has the following function.
¢ Calculation of 8 bits x 8 bits = 16 bits

16.2 Multiplier Configuration

(1) 16-bit multiplication result storage register 0 (MULO)
This register stores the 16-bit result of multiplication.
This register holds the result of multiplication after 16 CPU clocks have elapsed.
MULDO is set with a 16-bit memory manipulation instruction.
RESET input makes this register undefined.

Caution MULO is designed to be manipulated with a 16-bit memory manipulation instruction. It can
also be manipulated with 8-bit memory manipulation instructions, however. When an 8-bit
memory manipulation instruction is used to manipulate MULO, it must be accessed using
direct addressing.

(2) Multiplication data registers A and B (MRAO and MRBO0)
These are 8-bit multiplication data storage registers. The multiplier multiplies the values of MRAO and
MRBO.
MRAO and MRBO are set with a 1-bit or 8-bit memory manipulation instruction.
RESET input makes these registers undefined.
Figure 16-1 shows a block diagram of the multiplier.
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Figure 16-1. Block Diagram of Multiplier

Internal bus 8

Vi Vi

Multiplication data Multiplication data
register A (MRAO) register B (MRBO)

Counter value

Selector

3 3-bit counter
{} Start Clear

CPU clock

16-bit
adder

Counter output

16-bit multiplication result

storage register 0 (master) (MULO)

N~

16-bit multiplication result
storage register 0 (slave)

MULSTOf=—— Reset

Multiplier control
register 0 (MULCO)

Internal bus 8
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16.3 Multiplier Control Register

The multiplier is controlled by the following register.
o Multiplier control register 0 (MULCO)

MULCO indicates the operating status of the multiplier, as well as controls the multiplier.
MULCO is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input clears this register to 00H.

Figure 16-2. Format of Multiplier Control Register 0

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
MULCO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ MULSTO | FFD2H 00H R/W
MULSTO Multiplier operation start control bit Operating status of multiplier
0 Stops operation after resetting counter to 0. Operation stops
1 Enables operation Operation in progress

Caution Bits 1 to 7 must all be set to 0.
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16.4 Multiplier Operation

The multiplier of the xPD789167, 789177, 789167Y, and 789177Y Subseries can execute calculation of 8 bits x 8

bits = 16 bits.

Figure 16-3 shows the operation timing of the multiplier where MRAO is set to AAH and MRBO is set to D3H.

<1> Counting is started by setting MULSTO.
<2> The data generated by the selector is added to the data of MULO at each CPU clock, and the counter value

is incremented by one.
<3> If MULSTO is cleared when the counter value is 111B, the operation is stopped. At this time, MULO holds the

data.

<4> While MULSTO is low, the counter and slave are cleared.

CPU clock

MRAO
MRBO

MULSTO

Counter

Selector output

MULO
(Master)

(Slave)
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Figure 16-3. Multiplier Operation Timing (Example of AAH x D3H)

Uy Uy y
AA
D3
A
000B 0018 X 0108 { 0118} 1008 X 1018} 110BX 1118 X 000B
X 00AA ‘ X 0154 X 0000 X 0000 XOAAOX ooooX 2A80X 5500 X 00AA
\
X 00aa X o1FE X 01FE X 01FE X 0C9E f 0C9E Y 371E X 8C1E
T
0000 X 00aA X o1FE X 01FE X 01FE X 0C9E X 0C9E } 371E X 0000
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CHAPTER 17 INTERRUPT FUNCTIONS

17.1 Interrupt Function Types

The following two types of interrupt functions are used.

)

&)

Non-maskable interrupt

This interrupt is acknowledged unconditionally. It does not undergo interrupt priority control and is given top
priority over all other interrupt requests.

A standby release signal is generated.

The non-maskable interrupt has one interrupt source the watchdog timer.

Maskable interrupt

These interrupts undergo mask control. If two or more interrupts are simultaneously generated, each
interrupt has a predetermined priority as shown in Table 17-1.

A standby release signal is generated.

For the 4PD789167 and 789177 Subseries, maskable interrupts have four external interrupt sources and ten
internal interrupts sources. For the 4PD789167Y and 789177Y Subseries, maskable interrupts have four
external interrupt sources of and 12 internal interrupt sources.

17.2 Interrupt Sources and Configuration

There are a total of 15 non-maskable and maskable interrupt sources for the xPD789167 and 789177 Subseries,
and a total of 17 non-maskable and maskable interrupt sources for the 4PD789167Y and 789177Y Subseries (see
Table 17-1).
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Table 17-1. Interrupt Sources

Interrupt Type | Priority"*’ Interrupt Source Internal/External | Vector Table Basic
Name Trigger Address Configuration
TypeNolez
Non-maskable - INTWDT Watchdog timer overflow Internal 0004H (A)
interrupt (when watchdog timer mode 1
is selected)
Maskable 0 INTWDT Watchdog timer overflow (B)
interrupt (when interval timer mode is
selected)
1 INTPO Pin input edge detection External 0006H (®)]
2 INTP1 0008H
3 INTP2 000AH
4 INTP3 000CH
5 INTSR20 End of UART reception on Internal 000EH (B)
serial interface 20
INTCSI20 End of three-wire SIO transfer
reception on serial interface 20
6 INTST20 End of UART transmission on 0010H
serial interface 20
7 INTWT Watch timer interrupt 0012H
8 INTWTI Interval timer interrupt 0014H
9 INTTM80 Generation of match signal for 0016H
8-bit timer/event counter 80
10 INTTM81 Generation of match signal for 0018H
8-bit timer/event counter 81
11 INTTM82 Generation of match signal for 001AH
8-bit timer 82
12 INTTM90 Generation of match signal for 001CH
16-bit timer 90
13 INTSMB0""*® | SMB interrupt 001EH
Note 3 N .
14 INTSMBOVO SMB timeout interrupt 0020H
15 INTADO A/D conversion completion 0022H
signal
Notes 1. The priority regulates which maskable interrupt is higher when two or more maskable interrupts are

294

generated simultaneously. Zero signifies the highest priority, and 15 is the lowest.
Basic configuration types (A), (B), and (C) correspond to (A), (B), and (C) in Figure 17-1, respectively.
For the xPD789167Y and 789177Y Subseries only
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Figure 17-1. Basic Configuration of Interrupt Function

(A) Internal non-maskable interrupt

S Internal bus S

Vector table
Interrupt request address generator

Standby release signal

(B) Internal maskable interrupt

S Internal bus S

® Vector table
} } address generator
Interrupt request IF )

Standby release signal

(C) External maskable interrupt

S Internal bus S

External interrupt mode
register (INTMO, INTM1) MK IE
AN Vector table
Interrupt Edge I ) } address generator
request detector

Standby
release signal

IF: Interrupt request flag
IE: Interrupt enable flag
MK: Interrupt mask flag
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17.3 Interrupt Function Control Registers

The interrupt functions are controlled by the following registers.

* Interrupt request flag registers 0 and 1 (IFO and IF1)
* Interrupt mask flag registers 0 and 1 (MKO and MK1)
¢ External interrupt mode registers 0 and 1 (INTMO and INTM1)

¢ Program status word (PSW)

Table 17-2 lists interrupt requests, the corresponding interrupt request flags, and interrupt mask flags.

Table 17-2. Interrupt Request Signals and Corresponding Flags

Interrupt Request Signal

Interrupt Request Flag

Interrupt Mask Flag

INTWDT

INTPO

INTP1

INTP2

INTP3
INTSR20/INTCSI20
INTST20
INTWT

INTWTI
INTTM80
INTTM81
INTTM82
INTTM90
INTSMBO"*
INTSMBOVOQ"*
INTADO

TMIF4
PIFO

PIF1

PIF2

PIF3
SRIF20
STIF20
WTIF
WTIIF
TMIF80
TMIF81
TMIF82
TMIF90
SMBIFQ"™*
SMBOVIFQ"*
ADIFO

TMMK4
PMKO
PMK1
PMK2
PMK3
SRMK20
STMK20
WTMK
WTIMK
TMMK80
TMMKS81
TMMK82
TMMK90
SMBMKO"*
SMBOVMKO0"*
ADMKO

Note Forthe #PD789167Y and 789177Y Subseries only
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(1) Interrupt request flag registers (IF0 and IF1)
An interrupt request flag is set to 1 when the corresponding interrupt request is issued, or when the related
instruction is executed. It is cleared to 0 when the interrupt request is acknowledged, when a RESET signal
is input, or when a related instruction is executed.
IFO and IF1 are set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears IFO and IF1 to O0H.

Figure 17-2. Format of Interrupt Request Flag Register

Symbol <7> <6> <b5> <4> <3> <2> <1> <0> Address  After reset R/W
IFo |WTIF |STIF20SRIF20| PIF3 | PIF2 | PIF1 | PIFO [TMIF4|  FFEOH 0OH RIW
<7> <6> <5> <4> <3> <2> <1>  <0>
IF1 |ADIFO‘SMBO?IT&B‘SMBW%(?TMIF90‘TMIF82‘TMIF81‘TMIFBO‘ WTIIF| FFE1H O0H R/W
XXIFx Interrupt request flag

0 No interrupt request signal has been issued.

1 An interrupt request signal has been issued; an interrupt request has been made.

Note This flag is provided for the 4PD789167Y and 789177Y Subseries only. For the 4PD789167 and
789177 Subseries, the flag must be set to 0.

Cautions 1. The TMIF4 flag can be read- and write-accessed only when the watchdog timer is being

used as an interval timer. It must be cleared to 0 if the watchdog timer is used in
watchdog timer mode 1 or 2.

2. When port 3 is being used as an output port, and its output level is changed, an
interrupt request flag is set, because this port is also used as an external interrupt
input. To use port 3 in output mode, therefore, the interrupt mask flag must be set to 1
in advance.

3. When an interrupt is acknowledged, the interrupt routine is entered after the interrupt
request flag has been automatically cleared.
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(2) Interrupt mask flag registers (MK0 and MK1)
The interrupt mask flags are used to enable and disable the corresponding maskable interrupts.
MKO and MK1 are set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets MKO and MK1 to FFH.

Figure 17-3. Format of Interrupt Mask Flag Register

Symbol <7> <6> <5> <4> <3> <2> <1> <0> Address  After reset R/W

MKO |WTMK‘3TMK20‘SRMK24 PMK3‘PMK2‘PMK1 ‘PMKO ‘TMMK4| FFE4H FFH R/W
<7> <6> <5> <4> <3> <2> <1> <0>

MK1 |ADMKO ‘SMBOWR?J‘SMBWE‘TMMKQO‘TMMKsz‘TMMKm‘TMMKBO‘WTIMK' FFE5H FFH R/W
xxMKx Interrupt handling control

0 Enable interrupt handling.

1 Disable interrupt handling.

Note This flag is provided for the 4PD789167Y and 789177Y Subseries only. For the #PD789167 and
789177 Subseries, the flag must be set to 1.

Cautions 1. When the watchdog timer is being used in watchdog timer mode 1 or 2, any attempt to
read TMMK4 flag results in an undefined value being detected.
2. When port 3 is being used as an output port, and its output level is changed, an
interrupt request flag is set, because this port is also used as an external interrupt
input. To use port 3 in output mode, therefore, the interrupt mask flag must be set to 1
in advance.
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(3) External interrupt mode register 0 (INTMO)
INTMO is used to specify the valid edge for INTPO to INTP2.
INTMO is set with an 8-bit memory manipulation instruction.
RESET input clears INTMO to 00H.

Figure 17-4. Format of External Interrupt Mode Register 0

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
INTMo |Es21|ES20| EST1|ES10|ESO1 |[ES00| 0 | 0 |  FFECH 00H RW
ES21 | ES20 INTP2 valid edge selection

0 0 Falling edge

0 1 Rising edge

1 0 | Setting prohibited
1 1 Both rising and falling edges
ES11|ES10 INTP1 valid edge selection

0 0 Falling edge

0 1 Rising edge

1 0 | Setting prohibited
1 1 Both rising and falling edges
ESO01 | ES00 INTPO valid edge selection

0 0 Falling edge

0 1 Rising edge

1 0 | Setting prohibited

1 1 Both rising and falling edges

Cautions 1. Bits 0 and 1 must be set to 0.

2. Before setting INTMO, set the corresponding interrupt mask flag register (xx<MKx) to 1

to disable interrupts.

To enable interrupts, clear the corresponding interrupt request flag (xxIFx) to 0, then

clear the corresponding interrupt mask flag register (xxMKx to 0).
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(4) External interrupt mode register 1 (INTM1)
INTM1 is used to specify the valid edge for INTP3.
INTM1 is set with an 8-bit memory manipulation instruction.
RESET input clears INTM1 to O0H.

Figure 17-5. Format of External Interrupt Mode Register 1

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
INTM1 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ ES31 ‘ ES30 | FFEDH 00H R/W
ES31 ES30 INTP3 valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both rising and falling edges

Cautions 1. Bits 2 to 7 must be set to 0.
2. Before setting INTM1, set PMK3 to 1 to disable interrupts.
To enable interrupts, clear PIF3 to 0, then clear PMK3 to 0.

(5) Program status word (PSW)
The program status word is used to hold the instruction execution result and the current status of the
interrupt requests. The IE flag, used to enable and disable maskable interrupts, is mapped to the PSW.
The PSW can be read- and write-accessed in 8-bit units, as well as using bit manipulation instructions and
dedicated instructions (El and DI). When a vector interrupt is acknowledged, the PSW is automatically
saved to a stack, and the IE flag is reset to 0.
RESET input sets PSW to 02H.

Figure 17-6. Program Status Word Configuration

Symbol 7 6 5 4 3 2 1 0 After reset
PSW|IE‘Z‘0‘AC‘O‘O‘1‘CY| 02H

Used in the execution of ordinary instructions

IE Whether to enable/disable interrupt acknowledgment
0 Disable
1 Enable
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17.4 Interrupt Processing Operation

17.4.1 Non-maskable interrupt request acknowledgment operation

A non-maskable interrupt request is unconditionally acknowledged even when interrupts are disabled. It is not
subject to interrupt priority control and takes precedence over all other interrupts.

When a non-maskable interrupt request is acknowledged, the PSW and PC are saved to the stack in that order,
the IE flag is reset to 0, the contents of the vector table are loaded to the PC, and then program execution branches.

Figure 17-7 shows the flowchart from non-maskable interrupt request generation to acknowledgment. Figure 17-8
shows the timing of non-maskable interrupt request acknowledgment. Figure 17-9 shows the acknowledgment
operation if multiple non-maskable interrupts are generated.

Caution During non-maskable interrupt service program execution, do not input another non-maskable

interrupt request; if it is input, the service program will be interrupted and the new interrupt
request will be acknowledged.
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Figure 17-7. Flowchart from Non-Maskable Interrupt Request Generation to Acknowledgment
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Figure 17-8. Timing of Non-Maskable Interrupt Request Acknowledgment
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Figure 17-9. Acknowledgment Non-Maskable Interrupt Request
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17.4.2 Maskable interrupt request acknowledgment operation

A maskable interrupt request can be acknowledged when the interrupt request flag is set to 1 and the
corresponding interrupt mask flag is cleared to 0. A vectored interrupt request is acknowledged in the interrupt
enabled status (when the IE flag is set to 1).

The time required to start the interrupt servicing after a maskable interrupt request has been generated is shown
in Table 17-3.

See Figures 17-11 and 17-12 for the interrupt request acknowledging timing.

Table 17-3. Time from Generation of Maskable Interrupt Request to Processing

Note

Minimum Time Maximum Time

9 clocks 19 clocks

Note The wait time is maximum when an interrupt
request is generated immediately before the BT
and BF instruction.

Remark 1 clock: (fcpu: CPU clock)

fcpu

When two or more maskable interrupt requests are generated at the same time, they are acknowledged starting
from the interrupt request assigned the highest priority.

A pending interrupt is acknowledged when the status where it can be acknowledged is set.

Figure 17-10 shows the algorithm of acknowledging interrupt requests.

When a maskable interrupt request is acknowledged, the contents of the PSW and PC are saved to the stack in
that order, the IE flag is reset to 0, and the data in the vector table determined for each interrupt request is loaded to
the PC, and execution branches.

To return from interrupt processing, use the RETI instruction.
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Figure 17-10. Interrupt Request Acknowledgment Processing Algorithm

=

xXIF =17

Yes (interrupt request generated)

No
Qnterrupt request pendin@
No
Qnterrupt request pendingD
Vectored interrupt
servicing
xxIF:  Interrupt request flag
xxMK: Interrupt mask flag
IE: Flag to control maskable interrupt request acknowledgment (1 = Enabled, 0 = Disabled)
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Figure 17-11. Interrupt Request Acknowledgment Timing (Example of MOV A,r)

8 clocks

co L I L 1 LI L 1 L1 LI LI L1l

Save PSW and PC, and

jump to interrupt servicing Interrupt servicing program

CPU MOV Ar

Interrupt |_|

If an interrupt request flag (xxIF) is set before instruction clock n (n = 4 to 10) under execution becomes n — 1, the
interrupt is acknowledged after the instruction under execution’s completed. Figure 17-11 shows an example of the
interrupt request acknowledgment timing for an 8-bit data transfer instruction MOV A,r. Since this instruction is
executed in 4 clocks, if an interrupt occurs within 3 clocks after the execution starts, the interrupt acknowledgment
processing is performed after the MOV A r instruction is completed.

Figure 17-12. Interrupt Request acknowledgment Timing (When Interrupt Request Flag Is Generated at
Last Clock During Instruction Execution)

8 clocks

S e Y e TN e T e N s Y s e Y e TS o o B

; Interrupt
Save PSW and PC, and jump i
CPU NOP MOV Ar to interrupt servicing SF,)ergvgllc’:;r;g
Interrupt | |

If an interrupt request flag (xxIF) is set at the last clock of the instruction, the interrupt acknowledgment
processing starts after the next instruction is executed. Figure 17-12 shows an example of the interrupt
acknowledgment timing for an interrupt request flag that is set at the second clock of NOP (2-clock instruction). In
this case, the MOV Ar instruction after the NOP instruction is executed, and then the interrupt acknowledgment
processing is performed.

Caution Interrupt requests are reserved while interrupt request flag register 0 or 1 (IFO or IF1) or the
interrupt mask flag register 0 or 1 (MKO or MK1) is being accessed.

17.4.3 Multiple interrupt processing

Multiple interrupt processing in which another interrupt is acknowledged while an interrupt is being serviced can
be processed by priority. When two or more interrupts are generated at once, interrupt servicing is performed
according to the priority assigned to each interrupt request in advance (see Table 17-1).
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Figure 17-13. Example of Multiple Interrupts

Main processing

INTxx —

INTxx servicing

INTyy —

RETI

Example 1. Multiple interrupt is acknowledged

INTyy servicing

RETI

During interrupt INTxx servicing, interrupt request INTyy is acknowledged, and multiple interrupts are generated.

An El instruction is issued before each interrupt request acknowledgment, and the interrupt request acknowledgment

enabled state is set.

Example 2. Multiple interrupts are not generated because interrupts are not enabled

Main processing

INTXX —

INTxx servicing

INTyy —

RETI

INTyy servicing

INTyy is held pending

RETI

Because interrupts are not enabled in interrupt INTxx servicing (the EI instruction was not issued), interrupt
request INTyy is not acknowledged, and multiple interrupts are not generated. The INTyy request is held pending
and acknowledged after INTxx servicing is performed.

IE = 0: Interrupt request acknowledgment disabled
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CHAPTER 17 INTERRUPT FUNCTIONS

17.4.4 Interrupt request hold

Some instructions may hold the acknowledgment of an instruction request pending until the completion of the
execution of the next instruction even if the interrupt request (maskable interrupt, non-maskable interrupt, and
external interrupt) is generated during the execution. The following shows such instructions (interrupt request hold
instructions).

¢ Manipulation instruction for interrupt request flag registers 0 and 1 (IFO and IF1)
¢ Manipulation instruction for interrupt mask flag registers 0 and 1 (MKO and MK1)
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18.1 Standby Function and Configuration

18.1.1 Standby function
The standby function is to used reduce the power consumption of the system and can be effected in the following
two modes.

(1

)

HALT mode

This mode is set when the HALT instruction is executed. HALT mode stops the operation clock of the CPU.
The system clock oscillator continues oscillating. This mode does not reduce the current consumption as
much as the STOP mode, but is useful for resuming processing immediately when an interrupt request is
generated, or for intermittent operations.

STOP mode

This mode is set when the STOP instruction is executed. STOP mode stops the main system clock
oscillator and stops the entire system. The current consumption of the CPU can be substantially reduced in
this mode.

The low voltage (Vob = 1.8 V min.) of the data memory can be retained. Therefore, this mode is useful for
retaining the contents of the data memory at an extremely low current consumption.

STOP mode can be released by an interrupt request, so this mode can be used for intermittent operations.
However, some time is required until the system clock oscillator stabilizes after STOP mode has been
released. If processing must be resumed immediately by using an interrupt request, therefore, use the HALT
mode.

In both modes, the previous contents of the registers, flags, and data memory before setting standby mode are all

retained. In addition, the statuses of the output latches of the I/O ports and output buffers are also retained.

Caution To set STOP mode, be sure to stop the operations of the peripheral hardware, and then execute
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the STOP instruction.
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18.1.2 Standby function control register

The wait time after STOP mode is released upon interrupt request until the oscillation stabilizes is controlled with
the oscillation stabilization time selection register (OSTS).

OSTS is set with an 8-bit memory manipulation instruction.

RESET input sets OSTS to 04H. However, the oscillation stabilization time after RESET input is 2'%/f, instead of
2"ffx.

Figure 18-1. Format of Oscillation Stabilization Time Selection Register

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W
OSTS | 0 | 0 | 0 | 0 | 0 | OSTS2 | OSTSH1 | OSTSO0 | FFFAH 04H R/W
OSTS2 | OSTS1 | OSTSO Oscillation stabilization time selection
At fx = 10.0 MHz operation™ At fx = 5.0 MHz operation
0 0 0 2"%/fx 409 us 819 us
0 1 0 2%/fx 3.27 ms 6.55 ms
1 0 0 2"ffx 13.1 ms 26.2 ms
Other than above Setting prohibited

Note Expanded-specification products only.

Caution The wait time after STOP mode is released does not include the time from STOP mode
release to clock oscillation start (“a” in the figure below), regardless of release by RESET
input or by interrupt generation.

STOP mode release

X1 pin voltage
waveform "7 7 777

1

Remark fx: Main system clock oscillation frequency
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18.2 Operation of Standby Function

18.2.1 HALT mode

(1) HALT mode
HALT mode is set by executing the HALT instruction.
The operation status in HALT mode is shown in the following table.

Table 18-1. Operation Statuses in HALT Mode

Iltem

HALT Mode Operation Status While Main

System Clock Is Operating Clock Is Operating

HALT Mode Operation Status While Subsystem

While Subsystem
Clock Is Not Operating

While Main System
Clock Is Operating

While Subsystem
Clock Is Operating

While Main System
Clock Is Not Operating

Main system clock
generator

Main system clock oscillation enabled

Does not operate

CPU

Operation disabled

Port (output latch)

Remains in the state existing before the selection of HALT mode

16-bit timer (TM90)

Operation enabled"™"

Operation enabled Operation enabled

Note 2

Operation enabled

8-bit timer/event
counter (TM80)

Operation enabled

Note 3

Operation enabled

8-bit timer/event
counter (TM81)

Operation enabled

Note 4

Operation enabled

8-bit timer (TM82)

Note 1

Operation enabled Operation enabled Operation enabled

Note 5

Operation enabled

Watch timer

Note 1

Operation enabled Operation enabled Operation enabled

Note 5

Operation enabled

Watchdog timer

Operation enabled Operation disabled

Serial interface 20

Operation enabled

Note 6

Operation enabled

SMBO

Operation enabled

Note 7

Operation enabled

A/D converter

Operation disabled

Multiplier

Operation disabled

External interrupt

Note 8

Operation enabled

Notes 1.
2.

L I

Operation is enabled when the main system clock is selected.

Operation is enabled when the subsystem clock is selected and when buzzer output is enabled

(for details, see 8.5 Notes on 16-Bit Timer 90).

Operation is enabled only when TI80 is selected as the count clock.
Operation is enabled only when TI81 is selected as the count clock.
Operation is enabled when the subsystem clock is selected.

Operation is enabled in both 3-wire serial I/O and UART modes while an external clock is being

used.

7. Aninterrupt can be generated when addresses match during the slave operation.
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Maskable interrupt that is not masked
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(2) Releasing HALT mode
HALT mode can be released by the following three sources.

(a) Releasing by unmasked interrupt request
HALT mode is released by an unmasked interrupt request. In this case, if the interrupt request is
enabled to be acknowledged, vectored interrupt servicing is performed. If interrupts are disabled, the
instruction at the next address is executed.

Figure 18-2. Releasing HALT Mode by Interrupt

HALT
instruction Wait ‘
Standby :
release signal :- -------------------------------
Operating
mode HALT mode Wait ‘ Operating mode
|
Clock Oscillation

Remarks 1. The broken lines indicate the case where the interrupt request that has released standby
mode is acknowledged.
2. The wait time is as follows:
e When vectored interrupt servicing is performed: 9 to 10 clocks
e When vectored interrupt servicing is not performed: 1 to 2 clocks

(b) Releasing by non-maskable interrupt request

HALT mode is released regardless of whether interrupts are enabled or disabled, and vectored interrupt
servicing is performed.
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(c) Releasing by RESET input
When HALT mode is released by the RESET signal, execution branches to the reset vector address in
the same manner as the ordinary reset operation, and program execution is started.

Figure 18-3. Releasing HALT Mode by RESET Input

HALT Wait

15 Note

instruction 2"/ \

| X |

RESET i
signal
Oscillation
Operating Reset stabilization Operating
mode HALT mode period wait status mode

‘ Oscillation ‘

Clock Oscillation stop Oscillation

Note 3.27 ms (at fx = 10.0 MHz operation), 6.55 ms (at fx = 5.0 MHz operation)

Table 18-2. Operation after Release of HALT Mode

Releasing Source MKXxx IE Operation
Maskable interrupt request 0 0 Executes next address instruction
0 1 Executes interrupt servicing
1 X Retains HALT mode
Non-maskable interrupt request - X Executes interrupt servicing
‘RESET input - - Reset processing

x: Don’t care

312 User's Manual U14186EJ6VOUD




CHAPTER 18 STANDBY FUNCTION

18.2.2 STOP mode

(1) Setting and operation status of STOP mode
STOP mode is set by executing the STOP instruction.

Caution

Because standby mode can be released by an interrupt request signal, standby mode is
released as soon as it is set if there is an interrupt source whose interrupt request flag is
set and interrupt mask flag is reset. When STOP mode is set, therefore, HALT mode is set
immediately after the STOP instruction has been executed, the wait time set by the
oscillation stabilization time selection register (OSTS) elapses, and then operation mode is
set.

The operation status in STOP mode is shown in the following table.

Table 18-3. Operation Statuses in STOP Mode

Item STOP Mode Operation Status While Main System Clock Is Operating
While Subsystem Clock Is Operating While Subsystem Clock Is Not Operating
Main system clock generator Main system clock oscillation stopped

CPU

Operation disabled

Port (output latch)

Remains in the state existing before the selection of STOP mode

16-bit timer (TM90)

Operation enabled"" Operation disabled

8-bit timer/event counter (TM80)

Operation enabled"™**

8-bit timer/event counter (TM81)

Operation enabled"™**

8-bit timer (TM82)

Note 4

Operation enabled Operation disabled

Watch timer

Note 4

Operation enabled Operation disabled

Watchdog timer

Operation disabled

Serial interface 20

Note 5

Operation enabled

SMBO

Note 6

Operation enabled

A/D converter

Operation disabled

Multiplier

Operation disabled

External interrupt

Note 7

Operation enabled

Notes 1.

aRobn

No

Operation is enabled when the subsystem clock is selected and when buzzer output is enabled.
Operation is enabled only when TI80 is selected as the count clock.

Operation is enabled only when TI81 is selected as the count clock.

Operation is enabled when the subsystem clock is selected.

Operation is enabled in both 3-wire serial /O and UART modes while an external clock is being
used.

An interrupt can be generated when addresses match during the slave operation.

Maskable interrupt that is not masked
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(2) Releasing STOP mode
STOP mode can be released by the following two sources.

(a) Releasing by unmasked interrupt request
STOP mode can be released by an unmasked interrupt request. In this case, if the interrupt is enabled
to be acknowledged, vectored interrupt servicing is performed, after the oscillation stabilization time has
elapsed. If the interrupt acknowledgment is disabled, the instruction at the next address is executed.

Figure 18-4. Releasing STOP Mode by Interrupt

Wait
STOP (set time by OSTS) ‘
instruction

)

Standby « 1
release signal T,
Operating Oscillation stabilization Operating
mode STOP mode wait status ‘ mode

Oscillation ‘

Clock Oscillation stop Oscillation

Remark The broken lines indicate the case where the interrupt request that has released standby
mode is acknowledged.
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(b) Releasing by RESET input
When STOP mode is released by the RESET signal, the reset operation is performed after the
oscillation stabilization time has elapsed.

Figure 18-5. Releasing STOP Mode by RESET Input

Wait

STOP (21 5/f)() Note
instruction ‘ ‘
. L | ) |
RESET (s
signal | |
Oscillation
Operating Reset stabilization Operating
mode STOP mode ‘ period wait status ‘ mode
Oscillation ‘
Clock Oscillation stop Oscillation

Note 3.27 ms (at fx = 10.0 MHz operation), 6.55 ms (at fx = 5.0 MHz operation)

Table 18-4. Operation After Release of STOP Mode

Releasing Source MKxx IE Operation
Maskable interrupt request 0 0 Executes next address instruction
0 1 Executes interrupt servicing
1 X Retains STOP mode

RESET input

Reset processing

x: Don’t care
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The following two operations are available to generate reset signals.

(1) External reset input via RESET pin
(2) Internal reset by program loop time detected by watchdog timer

External and internal reset have no functional differences. In both cases, program execution starts at the address
at 0000H and 0001H by reset signal input.

When a low level is input to the RESET pin or the watchdog timer overflows, a reset is applied and each hardware
is set to the status shown in Table 19-1. Each pin is high impedance during reset input or during oscillation
stabilization time just after reset release.

When a high level is input to the RESET pin, the reset is released and program execution is started after the
oscillation stabilization time has elapsed. The reset applied by the watchdog timer overflow is automatically released
after reset, and program execution is started after the oscillation stabilization time has elapsed (see Figures 19-2
through 19-4).

Cautions 1. For an external reset, input a low level for 10 us or more to the RESET pin.
2. When STOP mode is released by reset, the STOP mode contents are held during reset input.
However, the port pins become high impedance.

Figure 19-1. Block Diagram of Reset Function

RESET O | J Reset controller Reset signal
Over-
. flow )
Count clock Watchdog timer Interrupt function
Stop
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Figure 19-2. Reset Timing by RESET Input

N | ‘ Reset period ‘ Oscillation Normal operation
ormal operation —— +'«— (oecillation  ——=<— oo HF
p ; (oscillation ; s_tablllza_tlon (reset processing)
stops) | time wait

RESET ?\ A

N

|
l
Internal |
reset signal |
| |
[ -
| Delay | Delay,

Hi-Z
Port pin >- ------------------------------------------------------

Figure 19-3. Reset Timing by Overflow in Watchdog Timer

S AVAVAVAVAVAVAVAVAVAVAVAN

| Reset Period | Oscillation .
Normal operation ———————==— (oscillation —=— stabilization —=+—— ?:Z;Ztal rcz)%zrsast:;)n)
continues) time wait P 9

|
|
Overflow in }
watchdog timer }
|

|

|

Internal !
reset signal !

Port pin >.------------------------.H.".Z ..........................

AV S — N VAVAVAN

STOP instruction execution

i Oscillation
N . Stop status  ;  Reset period abilizat Normal operation
ormal operation —=—(oscillation —~— (oscillation —<— stabilization — t .
stops) ! stops) ! time wait (reset processing)
| |
RESET ! ! ! !
| | |
| | | |
1 1 L
Internal 1 \ Lo
reset signal | | ‘ !
| Delay | Delay

Port pin >---------------------------'-_L'_-Z -------------------
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Table 19-1. State of Hardware After Reset (1/2)

Hardware State After Reset
Program counter (PC)"*®" Loaded with the contents of
the reset vector table
(0000H, 0001H)
Stack pointer (SP) Undefined
Program status word (PSW) 02H
RAM Data memory Undefined"™**

General-purpose register

Undefined"*?

Ports (PO to P3, P5, P6) (output latch) 00H
Port mode registers (PMO to PM3, PM5) FFH
Pull-up resistor option registers (PUO, PUB2, PUB3) 00H
Processor clock control register (PCC) 02H
Suboscillation mode register (SCKM) O0H
Subclock control register (CSS) 00H
Oscillation stabilization time selection register (OSTS) 04H
16-bit timer 90 Timer counter (TM90) 0000H
Compare register (CR90) FFFFH
Capture register (TCP90) Undefined
Mode control register (TMC90) O00H
Buzzer output control register (BZC90) 00H
8-bit timer/event counters 80 to Timer counters (TM80 to TM82) O00H
82 Compare registers (CR80 to CR82) Undefined
Mode control registers (TMC80 to TMC82) 00H
Watch timer Mode control register (WTM) 00H
Watchdog timer Timer clock selection register (TCL2) O00H
Mode register (WDTM) O00H
A/D converter Mode register (ADMO) 00H
A/D input selection register (ADSO0) 00H
A/D conversion result register (ADCRO) Undefined
Serial interface 20 Mode register (CSIM20) 00H
Asynchronous serial interface mode register (ASIM20) 00H
Asynchronous serial interface status register (AS1S20) 00H
Baud rate generator control register (BRGC20) 00H
Transmission shift register (TXS20) FFH
Reception buffer register (RXB20) Undefined

Notes 1. While a reset signal is being input, and during the oscillation stabilization period, the contents of the PC

will be undefined, while the remainder of the hardware will be the same as after the reset.
2. In standby mode, the RAM enters the hold state after a reset.

318

User’'s Manual U14186EJ6VOUD




CHAPTER 19 RESET FUNCTION

Table 19-1. State of Hardware After Reset (2/2)

Hardware State After Reset

SMBO Control register (SMBCO0) O00H

Status register (SMBSO0) 00H

Clock selection register (SMBCLO) 00H

Slave address register (SMBSVAQ) O0H

Mode register (SMBMO) 20H

Input level setting register (SMBVI0) 00H

Shift register (SMBO) 00H
Multiplier 16-bit multiplication result storage register (MULO) Undefined

Multiplication data registers (MRAO, MRBO) Undefined

Multiplier control register (MULCO) 00H
Interrupts Request flag registers (IFO, IF1) 00H

Mask flag registers (MKO, MK1) FFH

External interrupt mode registers (INTMO, INTM1) O00H
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CHAPTER 20 FLASH MEMORY VERSION

The uPD78F9177, uPD78F9177A, uPD78F9177A(A), and uPD78F9177A(A1) are flash memory versions of the
uPD789177 Subseries.

The pPD78F9177Y, uPD78F9177AY, and uPD78F9177AY(A) are flash memory versions of the yPD789177Y

Subseries.

The yPD78F9177, uPD78F9177A, uPD78F9177A(A), and uPD78F9177A(A1) replace the internal ROM of the
uPD789167 and 789177 Subseries with flash memory,

HUPD78F9177AY(A) replace the internal ROM of the PD789167Y and 789177Y Subseries with flash memory. The
differences between the flash memory and mask ROM versions are shown in Table 20-1.

Table 20-1. Differences Between Flash Memory and Mask ROM Versions

while the uPD78F9177Y, uPD78F9177AY, and

Item Flash Memory Mask ROM
uPD78F9177A uPD78F9177 uPD789166 uPD789167 uPD789176 uPD789177
uPD78F9177AY uPD78F9177Y 1PD789166Y 1PD789167Y uPD789176Y uPD789177Y
1PD78F9177A(A) 1PD789166(A) 41PD789167(A) 1PD789176(A) 1PD789177(A)
1PD78F9177AY(A) 1PD789166Y(A) | uPD789167Y(A) | uPD789176Y(A) | uPD789177Y(A)
HPD78F9177AY(A1) 1PD789166(A1) 4PD789167(A1) 1PD789176(A1) 1PD789177(A1)
uPD789166(A2) | uPD789167(A2) | uPD789176(A2) | uPD789177(A2)
Internal |ROM Flash Memory Mask ROM
memory |structure
ROM 24 KB 16 KB 24 KB 16 KB 24 KB
capacity
High- 512 bytes
speed
RAM
Minimum 0.2 us 0.4 us Expanded-specification products: 0.2 us (at 10 MHz operation)
instruction (at 10 MHz (at 5 MHz (A1) products, (A2) products, and
execution time operation) operation) conventional products: 0.4 us (at 5 MHz operation)
A/D converter 10 bits 8 bits 10 bits
resolution
Specification of | Disabled Enabled
on-chip pull-up
resistors for P50
to P53 by mask
option
Vep pin Provided Not provided
Electrical Refer to the ELECTRICAL SPECIFICATIONS chapters.
specifications
Cautions 1. There are differences in the amount of noise immunity and noise radiation between the flash
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memory and mask ROM versions. When pre-producing an application set with the flash
memory version and then mass producing it with the mask ROM version, be sure to conduct
sufficient evaluations on the commercial samples (CS) (not engineering sample, ES) of the
mask ROM version.
When using A/D conversion result register 0 (ADCRO) with an 8-bit A/D converter
(uPD789167 and 789167Y Subseries), manipulate with an 8-bit memory manipulation
instruction; when using it with a 10-bit A/D converter (uPD789177 and 789177Y Subseries),

use a 16-bit memory manipulation instruction.
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When the flash memory version of the 4PD789167 or 789167Y Subseries, is used, however,
ADCRO can be manipulated with an 8-bit memory manipulation instruction. In this case, use
an object file assembled with the 4PD789167 or 789167Y Subseries.

20.1 Flash Memory Characteristics

Flash memory programming is performed by connecting a dedicated flash programmer (Flashpro Il (part no. FL-
PR3, PG-FP3) or Flashpro IV (part no. FL-PR4, PG-FP4)) to the target system with the xPD78F9177, uPD78F9177Y,
HuPD78F9177A, and xPD78F9177AY mounted on the target system (on-board). A flash memory program adapter (FA
adapter), which is a target board used exclusively for programming, is also provided.

Remark FL-PR3, FL-PR4, and the program adapter are the products made by Naito Densei Machida Mfg. Co.,
Ltd. (TEL +81-45-475-4191).

Programming using flash memory has the following advantages.

¢ Software can be modified after the microcontroller is solder-mounted on the target system.
¢ Distinguishing software facilities low-quantity, varied model production
o Easy data adjustment when starting mass production

20.1.1 Programming environment

The following shows the environment required for uPD78F9177, uPD78F9177Y, uPD78F9177A, and
uPD78F9177AY flash memory programming.

When Flashpro Ill or Flashpro IV is used as a dedicated flash programmer, a host machine is required to control
the dedicated flash programmer. Communication between the host machine and flash programmer is performed via
RS-232C/USB (Rev. 1.1).

For details, refer to the manual for Flashpro Il or Flashpro IV.

Remark USB is supported by Flashpro IV only.

Figure 20-1. Environment for Writing Program to Flash Memory

RS-232C [ 7 _————
G/ vs
UsSB ] RESET

) 3-wire serial 1/0
Dedicated flash or UART uPD78F9177

] programmer -— uPD78F9177Y
Host machine or pseudo 3-wire mode ; PD78F9177A
uPD78F9177AY
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20.1.2 Communication mode
Use the communication mode shown in Table 20-2 to perform communication between the dedicated flash
programmer and ¢PD78F9177, uPD78F9177Y, uPD78F9177A, and uPD78F9177AY.

Table 20-2. Communication Mode List

Communication TYPE Setting"™" Pins Used Number of Vee
Mode COMM PORT | SIO Clock CPU Clock™*?* Multiple Rate Pulses
In Flashpro |On Target Board
3-wire serial /0 | SIO ch-0 100 Hz to 1,2,4,5,6,8, |1to 10MHz [1.0 SI20/RxD20/P22 |
(S103) (3-wired, sync.) |1.25 MHZz""** |10 MHZ""* S020/TxD20/P21
SCK20/ASCK20/
P20
SIO ch-1 P02 s
(3-wired, PO1
sync.)"*°® P00
SMB"** 12C ch-0 10t0o 100 kHz |1,2,4,5,6,8,|1t0 10MHz [1.0 SCL0/P23 4
10 MHz""* SDAO0/P24
UART UART ch-0  [4,800to 5,10 MHZ""" |4.91, 5, 1.0 RxD20/SI20/P22 |8
(Async.) 76,800 bps "*=** 10 MHz TXD20/SO20/P21
Pseudo Port A 100 Hz to 1,2,4,5MHz |1to5 MHz 1.0 P02 12Mre?
3-wire"** (Pseudo 1 kHz PO1
3-wire) (200]
Notes 1. Selection items for TYPE settings on the dedicated flash programmer (Flashpro Il or Flashpro 1V).
2. Setting a frequency 5 MHz or higher for the xPD78F9177 and xPD78F9177Y is prohibited.
3. The possible setting range differs depending on the voltage. For details, refer to chapters related to the
ELECTRICAL SPECIFICATIONS chapters.
4. Only 2, 4, 8 MHz in Flashpro IlI.
5. Forthe uPD78F9177Y and 4PD78F9177AY only. Set SLAVE ADDRESS to 10H.
6. Because signal wave slew also affects UART communication, in addition to the baud rate error,
thoroughly evaluate the slew and baud rate error.
7. Available only in Flashpro IV. When using Flashpro lll, be sure to select the clock of the resonator on
the board. UART cannot be used with the clock supplied by Flashpro Ill.
8. Inthe uPD78F9177A and uPD78F9177AY only.
9. In the yPD78F9177 and 4PD78F9177Y only. Serial transfer is performed by controlling the ports by
software.
Figure 20-2. Communication Mode Selection Format
10V
Ver VoD |—“J
1 2 n
Vss y
Vpe pulses
Voo H
RESET \ /
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Vss
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Figure 20-3. Example of Connection with Dedicated Flash Programmer (1/2)

(a) 3-wire serial I/0 (SI0-ch0)
uPD78F9177, 78F9177Y,

Dedicated flash programmer 78F9177A, 78F9177AY
VPP1 Vep
VDD Voo, Vop1, AVbp
RESET RESET
OLKNO® foommeomsoeas oo - X1
SCK SCK20
SO SI20
Sl S020
GND Vsso, Vss1, AVss

(b) 3-wire serial I/0 (SIO-ch1) or pseudo 3-wire mode

uPD78F9177, 78F9177Y,

Dedicated flash programmer 78F9177A, 78F9177AY
VPP1 Vep
VDD Voo, Vob1, AVop
RESET RESET
O B - X1
SCK P00 (serial clock)
SO P02 (serial input)
SI P01 (serial output)
GND Vsso, Vsst, AVss
(c) SMB
Dedicated flash programmer uPD78F9177Y, 78F9177AY
VPP1 Vep
VDD Vooo, Voot, AVop
RESET RESET
CLKNO® |oommmmmmmee oo - X1
SO SCLO
S| SDAO
GND Vsso, Vsst, AVss

Note Connect this pin when the system clock is supplied from the dedicated flash programmer. If a resonator is
already connected to the X1 pin, the CLK pin does not need to be connected.

Caution The Vop pin, if already connected to the power supply, must be connected to the VDD pin of the

dedicated flash programmer. Before using the power supply connected to the Voo pin, supply
voltage before starting programming.
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Figure 20-3. Example of Connection with Dedicated Flash Programmer (2/2)

(d) UART
uPD78F9177, 78F9177Y,
Dedicated flash programmer 78F9177A, 78F9177AY
VPP1 Vep
VDD Vbbo,Vop1, AVbp
RESET RESET
SO RxD20
Sl TxD20
CLKNotes 1,2 . _. =~ X1
GND Vsso,Vsst1, AVss

Notes 1. Connect this pin when the system clock is supplied from the dedicated flash programmer. If a
resonator is already connected to the X1 pin, the CLK pin does not need to be connected.
2. When using UART with Flashpro Ill, the clock of the resonator connected to the X1 pin must be used,
so connection to the CLK pin is not necessary.

Caution The Vob pin, if already connected to the power supply, must be connected to the VDD pin of the
dedicated flash programmer. Before using the power supply connected to the Voo pin, supply
voltage before starting programming.
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If Flashpro IIl or Flashpro IV is used as a dedicated flash programmer, the following signals are generated for the
uPD78F9177, uPD78F9177Y, uPD78F9177A, and xPD78F9177AY. For details, refer to the manual of Flashpro Il or

Flashpro IV.

Table 20-3. Pin Connection List

Signal 110 Pin Function Pin Name 3-Wire 3-Wire SMmB"*? UART Pseudo
Name Serial 1/0 Serial 1/0 3-Wire"*®
(SIO-ch0)  |(SI0-ch1)™"
VPP1 Output | Write voltage Vep @) @) @) (@) @)
VPP2 - - - X X X X X
VDD /0 Voo voltage Vooo/Voo1/AVoo Oteret Oteret Oteret Oteret Otteres
generation/
voltage monitoring
GND - Ground Vsso/Vssi/AVss O (@) (@) (@) O
CLK Output | Clock output X1 O O O O O
RESET |Output |Reset signal RESET (@) (@) (@) O (@)
Sl Input Receive signall S020/P01/ ©) O O @) O
SDAO0/TxD20
SO Output | Transmit signal SI120/P02/SCLO O @) @) O (©)
/RxD20
SCK Output | Transfer clock SCK20/P00 O O X X O
HS Input Handshake signal |- X X X X X

Notes 1. In the xPD78F9177A and uPD78F9177AY only
2. Inthe yPD78F9177Y and yPD78F9177AY only
3. In the xPD78F9177 and xPD78F9177Y only
4. Vop voltage must be supplied before programming is started.

Remark

O: Pin must be connected.

O: If the signal is supplied on the target board, pin does not need to be connected.
x: Pin does not need to be connected.
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20.1.3 On-board pin processing

When performing programming on the target system, provide a connector on the target system to connect the
dedicated flash programmer.

An on-board function that allows switching between normal operation mode and flash memory programming mode
may be required in some cases.

<Vpp pin>
In normal operation mode, input 0 V to the Vpp pin. In flash memory programming mode, a write voltage of 10.0 V
(TYP.) is supplied to the VPP pin, so perform one of the following (1) or (2).

(1) Connect a pull-down resistor (RVep = 10 kQ) to the Vep pin.
(2) Use the jumper on the board to switch the Vpp pin input to either the writer or directly to GND.

A Vpp pin connection example is shown below.
Figure 20-4. Vep Pin Connection Example

uPD78F9177, 78F9177Y,
78F9177A, 78F9177AY

Connection pin of dedicated flash programmer
Vep O

Pull-down resistor (RVep)

<Serial interface pin>
The following shows the pins used by the serial interface.

Serial Interface Pins Used

3-wire serial I/O SIO-ch0 S120, SO20, SCK20

SlO-ch1™*" | P00, P01, P02

SMB"*°? SCLO, SDAO
UART RxD20, TxD20
Pseudo 3-wire"™®® P00, P01, P02

Notes 1. Inthe uPD78F9177A and 4PD78F9177AY only
2. Inthe uPD78F9177Y and 4PD78F9177AY only
3. Inthe yPD78F9177 and xPD78F9177Y only

When connecting the dedicated flash programmer to a serial interface pin that is connected to another device on-
board, signal conflict or abnormal operation of the other device may occur. Care must therefore be taken with such
connections.
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(1) Signal conflict

If the dedicated flash programmer (output) is connected to a serial interface pin (input) that is connected to
another device (output), a signal conflict occurs. To prevent this, isolate the connection with the other device

or set the other device to the output high impedance status.

Figure 20-5. Signal Conflict (Input Pin of Serial Interface)

uPD78F9177, 78F9177Y,
78F9177A, 78F9177AY

Connection pin of dedicated

] Signal conflict flash programmer
Input pin O

Other device

. T Qutput pin

In the flash memory programming mode, the signal output by another device

and the signal sent by the dedicated flash programmer conflict, therefore,
isolate the signal of the other device.

(2) Abnormal operation of other device

If the dedicated flash programmer (output or input) is connected to a serial interface pin (input or output) that
is connected to another device (input), a signal is output to the device, and this may cause an abnormal
operation. To prevent this abnormal operation, isolate the connection with the other device or set so that the

input signals to the other device are ignored.

Figure 20-6. Abnormal Operation of Other Device

uPD78F9177, 78F9177Y,
78F9177A, 78F9177AY

Connection pin of dedicated flash
programmer
Pin

Other device

. T Input pin

If the signal output by the uPD78F9177, 78F9177Y, 78F9177A, and 78F9177AY
affects another device in the flash memory programming mode, isolate the signals
of the other device.

uPD78F9177, 78F9177Y,
78F9177A, 78F9177AY

Connection pin of dedicated flash
programmer
Pin

Other device

. T Input pin

If the signal output by the dedicated flash programmer affects another
device in the flash memory programming mode, isolate the signals of the
other device.
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<RESET pin>
If the reset signal of the dedicated flash programmer is connected to the RESET pin connected to the reset
signal generator on-board, a signal conflict occurs. To prevent this, isolate the connection with the reset signal
generator.
If the reset signal is input from the user system in the flash memory programming mode, a normal programming
operation cannot be performed. Therefore, do not input reset signals from other than the dedicated flash
programmer.

Figure 20-7. Signal Conflict (RESET Pin)

uPD78F9177, 78F9177Y,
78F9177A, 78F9177AY

Connection pin of dedicated
Signal conflict flash programmer
O

RESET

Reset signal generator

. T Output pin

4

The signal output by the reset signal generator and the signal output
from the dedicated flash programmer conflict in the flash memory
programming mode, so isolate the signal of the reset signal generator.

<Port pins>
When the uPD78F9177, uPD78F9177Y, uPD78F9177A, and uPD78F9177AY enter the flash memory
programming mode, all the pins other than those that communicate in flash memory programmer are in the
same status as immediately after reset.
If the external device does not recognize initial statuses such as the output high impedance status, therefore,
connect the external device to Vbpo, Vobp1, Vsso, or Vssi1 via a resistor.

<Oscillator>
When using the on-board clock, connect X1, X2, XT1, and XT2 as required in the normal operation mode.
When using the clock output of the flash programmer, connect it directly to X1, disconnecting the main oscillator
on-board, and leave the X2 pin open. The subclock conforms to the method in the normal operation mode.

<Power supply>
To use the power output from the flash programmer, connect the Vooo and Vop1 pins to VDD of the flash
programmer, and the Vsso and Vss1 pins to GND of the flash programmer.
To use the on-board power supply, make connections that accord with the normal operation mode. However,
because the voltage is monitored by the flash programmer, be sure to connect VDD of the flash programmer.
Supply the same power as in the normal operation mode to the other power supply pins (AVobb, AVRer, and
AVss).
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20.1.4 Connection of adapter for flash writing
The following figures show the examples of recommended connection when the adapter for flash writing is used.

Figure 20-8. Wiring Example for Flash Writing Adapter in 3-Wire Serial I/O Mode (SI0-ch0) (1/2)

(a) 44-pin plastic LQFP (10 x 10)

———© VDD (2.7t0 5.5 V)

— O GND
VDD2 (LVDD)
o VDD b
| GND_Q o
44 43 42 41 40 39 38 37 36 35 34
1 33
2 32
3 O 31
4 30
5 1 PD78F9177 29|—0
1 PD78F9177Y
6 L PD78F9177A 280
7 1 PD78F9177AY 27
8 26
10 24
11 23
12 13 14 15 16 17 18 19 20 21 22
O

© ©Oo o o o 0

SISO SCK CLKOUT RESET VPP RESERVE/HS

WRITER INTERFACE
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Figure 20-8. Wiring Example for Flash Writing Adapter in 3-Wire Serial I/O Mode (SI0-ch0) (2/2)

(b) 48-pin plastic TQFP (fine pitch) (7 x 7)

——© Voo (2.7t05.5 V)

—© GND
VDD2 (LVDD)
Q VDD o
| GND O e}
48 47 46 45 44 43 42 41 40 39 38 37
1 36
2 35
3 Q 34
4 33
5 32 o)
6 1 PD78F9177A 31
1 PD78F9177Y
7 1L PD78F9177AY 30O
8 29
{9 28
10 27
11 26
12 25
13 14 15 16 17 18 19 20 21 22 23 24
)

-

Sl

@@é@@@@

SO SCK CLKOUT RESET VPP RESERVE/HS

WRITER INTERFACE
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Figure 20-9. Wiring Example for Flash Writing Adapter in 3-Wire Serial I/O Mode
(SI0-ch1) or Pseudo 3-Wire Mode (1/2)

(a) 44-pin plastic LQFP (10 x 10)

—————© VDD (2.7t05.5V)

—© GND
VDD2 (LVDD)
o 0 VDD
o | GND O
44 43 42 41 40 39 38 37 36 35 34
1 33
2 32
3 O 31
4 30
5 1 PD78F9177 29—to
1 PD78F9177Y
6 1PD78F9177A 2810
7 1tPD78F9177AY 27
8 26
oo 25
10 24
11 23
12 13 14 15 16 17 18 19 20 21 22
@)

—
@@@@@é@@

SISO SCK CLKOUT RESET VPP RESERVE/HS

WRITER INTERFACE
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Figure 20-9. Wiring Example for Flash Writing Adapter in 3-Wire Serial I/O Mode
(S10-ch1) or Pseudo 3-Wire Mode (2/2)

(b) 48-pin plastic TQFP (fine pitch) (7 x 7)

——————© Voo (2.7 to 55V)

——© GND
VDD2 (LVDD)
O 0 VDD
o | GND O
48 47 46 45 44 43 42 41 40 39 38 37
1 36
2 35
s | O o4
4 33
5 32 O
6 1PD78F9177A 31
1PD78F9177Y

7 UPD78F9177AY 30O
8 29

19 28
10 27
11 26
12 25

13 14 15 16 17 18 19 20 21 22 23 24
)

© ©Oo o o0 o 0

SISO SCK CLKOUT RESET VPP RESERVE/HS

WRITER INTERFACE
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Figure 20-10. Wiring Example for Flash Writing Adapter in SMB Mode (1/2)

(a) 44-pin plastic LQFP (10 x 10)

—————© VDD (2.7t05.5V)

— © GND
VDD2 (LVDD)
Q VDD o
| GND_ Q &)
44 43 42 41 40 39 38 37 36 35 34
1 33
2 32
3 O 31
4 30
5 29 o)
wPD78F9177Y
6 uPD78F9177AY 2810
7 27
8 26
o9 25
10 24
11 23
12 13 14 15 16 17 18 19 20 21 22
@)

—
@@@@@é@@

SISO SCK CLKOUT RESET VPP RESERVE/HS

WRITER INTERFACE
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Figure 20-10. Wiring Example for Flash Writing Adapter in SMB Mode (2/2)

(b) 48-pin plastic TQFP (fine pitch) (7 x 7)

—© Voo (2.7t05.5V)

SI

SO SCK CLKOUT RESET VPP RESERVE/HS

——© GND
VDD2 (LVDD)
Q VDD e}
| GND O o
48 47 46 45 44 43 42 41 40 39 38 37
1 36
2 35
3 Q 34
4 33
5 32 o)
6 1PD78F9177Y 31
7 1PD78F9177AY s0ko
8 29
oo 28
10 27
11 26
12 25
13 14 15 16 17 18 19 20 21 22 23 24
O
© © © O ©0 © ©

WRITER INTERFACE
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Figure 20-11. Wiring Example for Flash Writing Adapter in UART Mode (1/2)

(a) 44-pin plastic LQFP (10 x 10)

—————© VDD (2.7t05.5V)

——© GND
VDD2 (LVDD)
Q VDD O
| GND O )
44 43 42 41 40 39 38 37 36 35 34
1 33
) 32
3 O 31
4 30
5 uPD78F9177 2 o
1PD78F9177Y 9
6 uPD78F9177A 2810
. wPD78F9177AY 27
8 26
o9 25
10 24
11 23
12 13 14 15 16 17 18 19 20 21 22
@)

© ©oo o o o 0

SISO SCK CLKOUT RESET VPP RESERVE/HS

WRITER INTERFACE
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Figure 20-11. Wiring Example for Flash Writing Adapter in UART Mode (2/2)

(b) 48-pin plastic TQFP (fine pitch) (7 x 7)

———© Voo (2.7t05.5V)

Sl

SO SCK CLKOUT RESET VPP RESERVE/HS

——© GND
VDD2 (LVDD)
Q VDD o)
| GND O o)
48 47 46 45 44 43 42 41 40 39 38 37
1 36
2 35
3 Q 34
4 33
5 32 O
6 uPD78F9177A 31
7 L PDTFO1T7AY 300
8 29
9 28
10 27
11 26
12 25
13 14 15 16 17 18 19 20 21 22 23 24
!
© © © © O ©O ©

WRITER INTERFACE
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Table 21-1. Selection of Mask Option for Pins

Pin

Mask Option

P50 to P53

Whether a pull-up resistor is to be incorporated can be specified in 1-bit units.

For P50 to P53 (port 5), whether a pull-up resistor is to be incorporated can be specified by a mask option. The
mask option is specified in 1-bit units.

Caution The flash memory versions do not provide a mask option pull-up resistor incorporation

function.
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This chapter lists the instruction set of the 4PD789167, 789177, 789167Y, and 789177Y Subseries. For details of
the operation and machine language (instruction code) of each instruction, refer to 78K/0S Series Instruction User’s

CHAPTER 22 INSTRUCTION SET

Manual (U11047E).

22.1 Operation

22.1.1 Operand identifiers and description methods

Operands are described in “Operand” column of each instruction in accordance with the description method of the
instruction operand identifier (refer to the assembler specifications for details). When there are two or more

description methods, select one of them. Uppercase letters the and symbols, #, !, $, and [ ] are keywords and must

be described as they are. Each symbol has the following meaning.

e #: Immediate data specification

e I Absolute address specification
e $: Relative address specification
e []: Indirect address specification

In the case of immediate data, describe an appropriate numeric value or a label. When using a label, be sure to

describe the #, !, $ and [ ] symbols.

For operand register identifiers, r and rp, either function names (X, A, C, etc.) or absolute nhames (names in

parentheses in the table below, RO, R1, R2, etc.) can be used for description.

Table 22-1. Operand Identifiers and Description Methods

Identifier Description Method
r X (R0O), A (R1), C (R2), B (R3), E (R4), D (R5), L (R6), H (R7)
p AX (RPO), BC (RP1), DE (RP2), HL (RP3)
sfr Special-function register symbol
saddr FE20H to FF1FH Immediate data or labels
saddrp FE20H to FF1FH Immediate data or labels (even addresses only)
addr16 0000H to FFFFH Immediate data or labels (only even addresses for 16-bit data transfer instructions)
addr5 0040H to 007FH Immediate data or labels (even addresses only)
word 16-bit immediate data or label
byte 8-bit immediate data or label
bit 3-bit immediate data or label

Remark See Table 5-3 Special-Function Registers for symbols of special-function registers.
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22.1.2 Description of “Operation” column

TImMODOowXxX>»

W T Igow2
vormo X

PSW:

addr16:
jdisp8:

A register; 8-bit accumulator
X register

B register

C register

D register

E register

H register

L register

AX register pair; 16-bit accumulator
BC register pair

DE register pair

HL register pair

Program counter

Stack pointer

Program status word

Carry flag

Auxiliary carry flag

Zero flag

Interrupt request enable flag

Memory contents indicated by address or register contents in parenthesis

Higher 8 bits and lower 8 bits of 16-bit register
Logical product (AND)

Logical sum (OR)

Exclusive logical sum (exclusive OR)

Inverted data

16-bit immediate data or label

Signed 8-bit data (displacement value)

22.1.3 Description of “Flag” column

(Blank):

0:
1:
X:
R:

Unchanged

Cleared to 0

Setto 1

Set/cleared according to the result
Previously saved value is stored
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22.2 Operation List

Mnemonic Operands Bytes | Clocks Operation Flag
Z AC CY
MOV r, #byte 3 6 r < byte
saddr, #byte 3 6 (saddr) « byte
sfr, #byte 3 6 sfr < byte
A, rte? 2 4 Acer
r, AN 2 4 reA
A, saddr 2 4 A « (saddr)
saddr, A 2 4 (saddr) « A
A, sfr 2 4 A « sfr
sfr, A 2 4 sfr— A
A, laddr16 3 8 A < (addr16)
laddr16, A 3 8 (addr16) « A
PSW, #byte 3 6 PSW « byte X X X
A, PSW 2 4 A « PSW
PSW, A 2 4 PSW « A X X X
A, [DE] 1 6 A « (DE)
[DE], A 1 6 (DE) « A
A, [HL] 1 6 A « (HL)
[HL], A 1 6 (HL) « A
A, [HL + byte] 2 6 A « (HL + byte)
[HL + byte], A 2 6 (HL + byte) « A
XCH A, X 1 4 Ao X
A, r o2 2 6 Aor
A, saddr 2 6 A < (saddr)
A, sfr 2 6 A < sfr
A, [DE] 1 8 A & (DE)
A, [HL] 1 8 A & (HL)
A, [HL + byte] 2 8 A & (HL + byte)

Notes 1. Exceptr=A.
2. Exceptr=A, X.

Remark One instruction clock cycle is one CPU clock cycle (fcru) selected by the processor clock control
register (PCC).
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INSTRUCTION SET

Mnemonic Operands Bytes | Clocks Operation Flag
Z AC CY
MOVW rp, #word 3 6 rp « word
AX, saddrp 2 6 AX « (saddrp)
saddrp, AX 2 8 (saddrp) « AX
AX, rp " 1 4 AX < 1p
rp, AX " 1 4 p « AX
XCHW AX, rp " 1 8 AX & 1p
ADD A, #byte 2 4 A, CY « A + byte X X X
saddr, #byte 3 6 (saddr), CY « (saddr) + byte X X X
Ar 2 4 A CY —A+r X X X
A, saddr 2 4 A, CY « A + (saddr) X X X
A, laddr16 3 8 A, CY « A + (addr16) X X X
A, [HL] 1 6 A, CY « A+ (HL) X X X
A, [HL + byte] 2 6 A, CY « A + (HL + byte) X X X
ADDC A, #byte 2 4 A, CY « A + byte + CY X X X
saddr, #byte 3 6 (saddr), CY « (saddr) + byte + CY X X X
Ar 2 4 A, CY —~A+r+CY X X X
A, saddr 2 4 A, CY « A + (saddr) + CY X X X
A, laddr16 3 8 A, CY « A + (addr16) + CY X X X
A, [HL] 1 6 A, CY « A+ (HL) +CY X X X
A, [HL + byte] 2 6 A, CY « A + (HL + byte) + CY X X X
SuUB A, #byte 2 4 A, CY « A —byte X X X
saddr, #byte 3 6 (saddr), CY « (saddr) — byte X X X
Ar 2 4 A CY—A-r X X X
A, saddr 2 4 A, CY « A — (saddr) X X X
A, laddr16 3 8 A, CY « A — (addr16) X X X
A, [HL] 1 6 A, CY « A—(HL) X X X
A, [HL + byte] 2 6 A, CY « A— (HL + byte) X X X

Note Only when rp = BC, DE, or HL.

Remark One instruction clock cycle is one CPU clock cycle (fcru) selected by the processor clock control
register (PCC).
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Mnemonic Operands Bytes | Clocks Operation Flag
AC CY
SUBC A, #byte 2 4 A, CY « A—byte - CY X X
saddr, #byte 3 6 (saddr), CY « (saddr) — byte — CY X X
Ar 2 4 A, CY < A-r-CY X X
A, saddr 2 4 A, CY « A — (saddr) - CY X X
A, laddr16 3 8 A, CY « A — (addr16) - CY X X
A, [HL] 1 6 A,CY « A—(HL)-CY X X
A, [HL + byte] 2 6 A, CY « A—(HL + byte) - CY X X
AND A, #byte 2 4 A — A A byte
saddr, #byte 3 6 (saddr) « (saddr) A byte
Ar 2 4 A—Anr
A, saddr 2 4 A < A A (saddr)
A, laddr16 3 8 A < A A (addr16)
A, [HL] 1 6 A« AA(HL)
A, [HL + byte] 2 6 A < A A (HL + byte)
OR A, #byte 2 4 A < A v byte
saddr, #byte 3 6 (saddr) « (saddr) v byte
Ar 2 4 A—Avr
A, saddr 2 4 A < A v (saddr)
A, laddr16 3 8 A < A v (addr16)
A, [HL] 1 6 A« Av (HL)
A, [HL + byte] 2 6 A < Av (HL + byte)
XOR A, #byte 2 4 A < A vbyte
saddr, #byte 3 6 (saddr) « (saddr) v byte
Ar 2 4 A—Avr
A, saddr 2 4 A « A v (saddr)
A, laddr16 3 8 A « A v (addr16)
A, [HL] 1 6 A« Av(HL)
A, [HL + byte] 2 6 A « A v (HL + byte)
Remark One instruction clock cycle is one CPU clock cycle (fcru) selected by the processor clock control
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Mnemonic Operands Bytes | Clocks Operation Flag
AC CY
CMP A, #byte 2 4 A —byte X X
saddr, #byte 3 6 (saddr) — byte X X
Ar 2 4 A-r X X
A, saddr 2 4 A — (saddr) X X
A, laddr16 3 8 A - (addr16) X X
A, [HL] 1 6 A - (HL) X X
A, [HL + byte] 2 6 A — (HL + byte) X X
ADDW AX, #word 3 6 AX, CY « AX + word X X
SUBW AX, #word 3 6 AX, CY « AX — word X X
CMPW AX, #word 3 6 AX — word X X
INC r 2 4 rer+1 X
saddr 2 4 (saddr) « (saddr) + 1 X
DEC r 2 4 rer-1 X
saddr 2 4 (saddr) « (saddr) — 1 X
INCW p 1 4 pe«rmp+1
DECW rp 1 4 p«rmp-1
ROR A1 1 2 (CY, A7 < Ao, Am-1 < Am) X 1 X
ROL A1 1 2 (CY, Ao « A7, Am+1 < Am) x 1 X
RORC A1 1 2 (CY < Ao, A7 < CY, Am-1 < Am) x 1 X
ROLC A1 1 2 (CY « A7, Ao < CY, Ami1 < Am) X 1 X
SETA saddr.bit 3 6 (saddr.bit) « 1
sfr.bit 3 6 sfr.bit « 1
A.bit 2 4 A.bit « 1
PSW.bit 3 6 PSW.bit « 1 X X
[HL].bit 2 10 (HL).bit « 1
CLR1 saddr.bit 3 6 (saddr.bit) « 0
sfr.bit 3 6 sfr.bit < 0
A.bit 2 4 A.bit < 0
PSW.bit 3 6 PSW.bit < 0 X X
[HL].bit 2 10 (HL).bit < 0
SETH cY 1 2 CY «1 1
CLR1 cY 1 2 CY«0 0
NOT1 cY 1 2 | CYe«CY x
Remark One instruction clock cycle is one CPU clock cycle (fcru) selected by the processor clock control

register (PCC).
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Mnemonic Operands Bytes | Clocks Operation Flag
Z AC CY
CALL laddr16 3 6 (SP—1) « (PC + 3)1, (SP — 2) « (PC + 3),
PC « addr16, SP « SP -2
CALLT [addr5] 1 8 (SP—1) « (PC + 1)1, (SP = 2) « (PC + 1),
PCH « (00000000, addr5 + 1),
PCL « (00000000, addr5), SP « SP — 2
RET 1 6 PCH < (SP + 1), PCL « (SP), SP «~ SP + 2
RETI 1 8 PCh « (SP + 1), PCL « (SP), R R R
PSW « (SP +2), SP « SP + 3
PUSH PSW 1 2 (SP—1) « PSW, SP « SP -1
rp 1 4 (SP —1) < rpH, (SP —2) < rp,, SP « SP -2
POP PSW 1 4 PSW « (SP), SP « SP + 1 R R R
rp 1 6 rpH < (SP + 1), rpL < (SP), SP « SP + 2
MOVW SP, AX 2 8 SP « AX
AX, SP 2 6 AX « SP
BR laddr16 3 6 PC « addr16
$addr16 2 6 PC « PC + 2 + jdisp8
AX 1 6 PCH « A, PCL« X
BC $saddr16 2 6 PC « PC + 2 +disp8if CY = 1
BNC $saddr16 2 6 PC « PC + 2 +disp8if CY =0
BZ $saddr16 2 6 PC « PC + 2 +disp8if Z=1
BNZ $saddr16 2 6 PC « PC +2 +jdisp8ifZ=0
BT saddr.bit, $addr16 4 10 PC « PC + 4 + jdisp8 if (saddr.bit) = 1
sfr.bit, $addr16 4 10 PC « PC + 4 + jdisp8 if sfr.bit = 1
A.bit, $addr16 3 8 PC « PC + 3 + jdisp8 if A.bit = 1
PSW.bit, $addr16 4 10 PC « PC + 4 + jdisp8 if PSW.bit = 1
BF saddr.bit, $addr16 4 10 PC « PC + 4 + jdisp8 if (saddr.bit) = 0
sfr.bit, $addr16 4 10 PC « PC + 4 + jdisp8 if sfr.bit =0
A.bit, $addr16 3 8 PC « PC + 3 +jdisp8 if A.bit=0
PSW.bit, $addr16 4 10 PC « PC + 4 + jdisp8 if PSW.bit =0
DBNZ B, $addr16 2 6 B« B-1,then PC « PC + 2 +disp8if B0
C, $addr16 2 6 C« C-1,then PC « PC +2 +jdisp8if C#0
saddr, $addr16 3 8 (saddr) « (saddr) — 1, then
PC « PC + 3 + jdisp8 if (saddr) # 0
NOP 1 2 No Operation
El 3 6 |IE « 1 (Enable Interrupt)
DI 3 6 |IE « 0 (Disable Interrupt)
HALT 1 2 Set HALT Mode
STOP 1 2 Set STOP Mode

Remark One instruction clock cycle is one CPU clock cycle (fcru) selected by the processor clock control
register (PCC).
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CHAPTER 22

INSTRUCTION SET

22.3 Instructions Listed by Addressing Type

(1) 8-bit instructions
MOV, XCH, ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP, INC, DEC, ROR, ROL, RORC, ROLC, PUSH,

POP, DBNZ
2nd Operand| #byte A r sfr saddr | laddri6 | PSW [DE] [HL] |[HL + byte] | $addr16 1 None
1st Operand
A ADD MOV™* | MOV MOV MOV MOV MOV MOV MOV ROR
ADDC XCH"™* | XCH XCH XCH XCH XCH ROL
SUB ADD ADD ADD ADD ADD RORC
SUBC ADDC ADDC | ADDC ADDC | ADDC ROLC
AND SuUB SuB SuUB SuB SuUB
OR SUBC SUBC |SUBC SUBC |SUBC
XOR AND AND AND AND AND
CMP OR OR OR OR OR
XOR XOR XOR XOR XOR
CMP CMP CMP CMP CMP
r MOV MOV INC
DEC
B, C DBNZ
sfr MOV MOV
saddr MOV MOV DBNZ INC
ADD DEC
ADDC
SuB
SUBC
AND
OR
XOR
CMP
laddr16 MOV
PSW MOV MOV PUSH
POP
[DE] MOV
[HL] MOV
[HL + byte] MOV
Note Exceptr=A.
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CHAPTER 22 INSTRUCTION SET

(2) 16-bit instructions
MOVW, XCHW, ADDW, SUBW, CMPW, PUSH, POP, INCW, DECW

2nd Operand #word AX rp°* saddrp SP None
1st Operand
AX ADDW SUBW MOVW MOVW MOVW
CMPW XCHW
rp MOVW MOVW" INCW
DECW
PUSH
POP
saddrp MOVW
sp MOVW
Note Only when rp = BC, DE, or HL.
(3) Bit manipulation instructions
SET1, CLR1, NOT1, BT, BF
2nd Operand $addr16 None
1st Operand
A.bit BT SET1
BF CLR1
sfr.bit BT SET1
BF CLR1
saddr.bit BT SET1
BF CLR1
PSW.bit BT SET1
BF CLR1
[HL].bit SET1
CLR1
CcY SETH
CLR1
NOT1
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CHAPTER 22 INSTRUCTION SET

(4) Call instructions/branch instructions

CALL, CALLT, BR, BC, BNC, BZ, BNZ, DBNZ

2nd Operand AX laddr16 [addr5] $addr16
1st Operand
Basic instructions BR CALL CALLT BR
BR BC

BNC

Bz

BNz
Compound instructions DBNZ

(5) Other instructions

RET, RETI, NOP, El, DI, HALT, STOP
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CHAPTER 23 ELECTRICAL SPECIFICATIONS (4PD78916x, 17x, 16xY, 17xY, 16x(A), 17x(A),

16xY(A), 17xY(A))

Remark The values listed in this chapter are for expanded-specification products.

Absolute Maximum Ratings (Ta = 25°C)

Parameter Symbol Conditions Ratings Unit
Supply voltage Vob AVop - 0.3V <Vop <AVop + 0.3V -0.3to +6.5 \Y
AVop AVrer < AVop+ 0.3V \Yj
AVRer AVrer < Vop + 0.3V \Y
Input voltage Vi Pins other than P50 to P53, P23, P24 —-0.3to Voo + 0.3 \
Vi P23, P24 -0.3to +5.5 \
Vis P50 to P53 N-ch open drain -0.3to +13 \Y
On-chip pull-up resistor —0.3to Voo + 0.3 \Y
Output voltage Vo —0.3to Voo + 0.3 Vv
Output current, high lon Per pin 1 PD78916x, 78917, -10 mA
Total for all pins 78916xY, 78917xY -30 mA
Per pin 1 PD78916x(A), -7 mA
Total for all pins 78917X(A), 78916xY(A), -22 mA
78917xY(A)
Qutput current, low lou Per pin 1 PD78916x, 78917x, 30 mA
Total for all pins 78916xY, 78917xY 160 mA
Per pin 1 PD78916x(A), 10 mA
Total for all pins 78917X(A), 78916xY(A), 120 mA
78917xY(A)
Operating ambient temperature Ta —40 to +85 °C
Storage temperature Tstg —65 to +150 °C

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for
any parameter. That is, the absolute maximum ratings are rated values at which the product is
on the verge of suffering physical damage, and therefore the product must be used under
conditions that ensure that the absolute maximum ratings are not exceeded.

Remark
pins.
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CHAPTER 23 ELECTRICAL SPECIFICATIONS (uPD78916x, 17x, 16xY, 17xY, 16x(A), 17x(A), 16xY(A), 17xY(A))

Main System Clock Oscillator Characteristics (Ta = —-40 to +85°C, Vop = 1.8 to 5.5 V)

Resonator | Recommended Circuit Parameter Conditions MIN. [ TYP. | MAX. | Unit
Ceramic Oscillation frequency (fx)"®" Vop=4.5t05.5V 1.0 10.0 | MHz
resonator | | Vsso X1__ X2 Voo =3.010 5.5V 10 6.0 | MHz

E I:l E Voo =1.8t055V 1.0 5.0 MHz
1 |
|Gl _C2x Oscillation stabilization time"**2 After Voo reaches 4 ms
'7-7-"#{ ! oscillation voltage
range MIN.
Crystal Oscillation frequency (fx)"" Voo =4.5t05.5V 1.0 10.0 | MHz
resonator I‘:\'/SS0 il X2, Voo =3.0105.5 V 1.0 6.0 | MHz
E I:l E Voo=1.8t055V 1.0 5.0 MHz
E :E_z—_-': E Oscillation stabilization time"™** Voo=4.5t05.5V 10 ms
i Voo=1.8t05.5V 30 ms
External X1 input frequency (fx)"" Vop=4.5t05.5V 1.0 10.0 | MHz
clock X1 X2 Vop=38.0105.5V 1.0 6.0 | MHz
Vob=1.8t055V 1.0 5.0 MHz
X1 input high-/low-level width Voo=4.5t05.5V 45 500 ns
(bes, ) Voo =3.0105.5V 75 500 | ns
Voo=1.81t05.5V 85 500 ns
X1 X2 X1 input frequency (fx)"" Voo =2.7t05.5V 1.0 50 | MHz
X1 input high-/low-level width Vop=2.71t05.5V 85 500 ns
OPEN (txH, txo)
Notes 1. Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.
2. Time required to stabilize oscillation after reset or STOP mode release. Use a resonator that stabilizes

oscillation within the oscillation wait time.

Cautions 1. When using the main system clock oscillator, wire as follows in the area enclosed by the

broken lines in the above figures to avoid an adverse effect from wiring capacitance.

o Keep the wiring length as short as possible.

¢ Do not cross the wiring with the other signal lines.
« Do not route the wiring near a signal line through which a high fluctuating current flows.

¢ Always make the ground point of the oscillator capacitor the same potential as Vsso.
* Do not ground the capacitor to a ground pattern through which a high current flows.
¢ Do not fetch signals from the oscillator.

2. When the main system clock is stopped and the device is operating on the subsystem clock,
wait until the oscillation stabilization time has been secured by the program before
switching back to the main system clock.
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CHAPTER 23 ELECTRICAL SPECIFICATIONS (uPD78916x, 17x, 16xY, 17xY, 16x(A), 17x(A), 16xY(A), 17xY(A))

Recommended Oscillator Constant (4PD78916x, 17x, 16xY, and 17xY)

Ceramic resonator (Ta = —40 to +85°C)

Manufacturer Part Number Frequency Recommended Oscillation Voltage Remarks
(MHz) Circuit Constant (pF) Range (Vop)
C1 c2 MIN. MAX.
Murata Mfg. Co., CSBLA1M00J58-B0 1.000 150 150 2.2 5.5 Without on-chip
Ltd. (Standard type) CSBFB1M00J58-R1 capacitor
CSTCC2M00G56-R0 2.000 - - 1.8 5.5 With on-chip
CSTLS2M00G56-BO capacitor
CSTCR4MO00G53-R0 4.000
CSTLS4M00G53-B0
CSTCR4M19G53-R0 4.195
CSTLS4M19G53-B0
CSTCR4M91G53-R0 4.915
CSTLS4M91G53-B0
CSTCR5M00G53-R0 5.000
CSTLS5M00G53-B0
CSTCR6M00G53-R0 6.000
CSTLS6M00G53-B0
CSTCE8M00G52-R0 8.000
CSTLS8M00G53-B0
CSTCE8M38G52-R0 8.388
CSTLS8M38G53-B0
CSTCE10M0G52-R0 10.000
CSTLS10M0G53-B0 1.9 5.5
Murata Mfg. Co., CSTLS10M0G53093- 10.000 - - 1.8 5.5 With on-chip
Ltd. (Low-voltage BO capacitor
drive type)

Caution The oscillator constant is a reference value based on evaluation in specific environments by
the resonator manufacturer. If the oscillator characteristics need to be optimized in the actual
application, request the resonator manufacturer for evaluation on the implementation circuit.
Note that the oscillation voltage and oscillation frequency merely indicate the characteristics of
the oscillator. Use the internal operation conditions of the 4PD78916x, 17x, 16xY, and 17xY
within the specifications of the DC and AC characteristics.
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CHAPTER 23 ELECTRICAL SPECIFICATIONS (uPD78916x, 17x, 16xY, 17xY, 16x(A), 17x(A), 16xY(A), 17xY(A))

Recommended Oscillator Constant (4PD78916x(A), 17x(A), 16xY(A), and 17xY(A))

Ceramic resonator (Ta = —-40 to +85°C)

Manufacturer Part Number Frequency Recommended Oscillation Voltage Remarks
(MHz) Circuit Range (Vop)
Constant (pF)
C1 c2 MIN. MAX.
Murata Mfg. CSTCC2M00G56A-R0 2.000 - - 1.8 5.5 On-chip capacitor
Co., Ltd. CSTCR4MOOG53A-RO 4.000
CSTCR4M19G53A-R0 4.195
CSTCR4M91G53A-R0 4915
CSTCR5M00G53A-R0 5.000
CSTCR6MO00G53A-R0 6.000
CSTCE8M00G52A-R0 8.000
CSTCE8M38G52A-R0 8.388
CSTCE10M0G52A-R0 10.000
Caution The oscillator constant is a reference value based on evaluation in specific environments by

the resonator manufacturer. If the oscillator characteristics need to be optimized in the actual
application, request the resonator manufacturer for evaluation on the implementation circuit.
Note that the oscillation voltage and oscillation frequency merely indicate the characteristics of
the oscillator. Use the internal operation conditions of the uPD78916x(A), 17x(A), 16xY(A), and
17xY(A) within the specifications of the DC and AC characteristics.
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CHAPTER 23 ELECTRICAL SPECIFICATIONS (uPD78916x, 17x, 16xY, 17xY, 16x(A), 17x(A), 16xY(A), 17xY(A))

Subsystem Clock Oscillator Characteristics (Ta = —40 to +85°C, Voo = 1.8 to 5.5 V)

Resonator | Recommended Circuit Parameter Conditions MIN. | TYP. | MAX. | Unit
Crystal |l so XT1  XT2 Oscillation frequency (fx)"" 32 |32.768| 35 kHz
resonator ! |

1
! 1
! 1
1 |C3 G4, Oscillation stabilization time"*** | Voo = 4.5t0 5.5 V 1.2 2 s
. _'%___T,'
7 Vop=1.8t05.5V 10 s

External XT1 XT2 XT1 input frequency (fx)"*’ 32 35 | kHz
clock

XT1 input high-/low-level width 14.3 15.6 us
(txTH, txTL)

Notes 1. Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.
2. Time required to stabilize oscillation after reset or STOP mode release. Use a resonator that stabilizes
oscillation within the oscillation wait time.

Cautions 1. When using the subsystem clock oscillator, wire as follows in the area enclosed by the
broken lines in the above figures to avoid an adverse effect from wiring capacitance.

o Keep the wiring length as short as possible.

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

¢ Do not route the wiring near a signal line through which a high fluctuating current flows.
¢ Always make the ground point of the oscillator capacitor the same potential as Vsso.

¢ Do not ground the capacitor to a ground pattern through which a high current flows.

¢ Do not fetch signals from the oscillator.

2. The subsystem clock oscillator is designed as a low-amplitude circuit for reducing current
consumption, and is more prone to malfunction due to noise than the main system clock
oscillator. Particular care is therefore required with the wiring method when the subsystem
clock is used.

Remark For the resonator selection and oscillator constant, customers are requested to either evaluate the
oscillation themselves or apply to the resonator manufacturer for evaluation.
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CHAPTER 23 ELECTRICAL SPECIFICATIONS (uPD78916x, 17x, 16xY, 17xY, 16x(A), 17x(A), 16xY(A), 17xY(A))

DC Characteristics (Ta = —40 to +85°C, Voo = 1.8 to 5.5 V) (1/3)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output current, low | Per pin 4 PD78916x, 78917x, 78916xY, —1 mA
high Total for all pins | 7g917xY -15 mA

Per pin 1 PD78916x(A), 78917x(A), ml mA
Total for all pins 78916xY(A), 78917xY(A) -1 mA
Output current, low loL Per pin 1 PD78916x, 78917x, 78916xY, 10 mA
Total for all pins | 7g8917xY 80 mA
Per pin 1 PD78916x(A), 78917x(A), 3 mA
Total for all pins 78916xY(A), 78917xY(A) 60 mA
Input voltage, high Vi1 P00 to P05, P10, P11, Vob=2.7t05.5V 0.7Vop Vob \'
P60 to P67 Voo =1.8t0 5.5 V 0.9Vop Voo v
ViHz P50 to N-ch open Vop=2.7t05.5V 0.7Vop 12 V
P53 drain Voo =1.8t05.5 V 0.9Von 12 v
On-chippull- |Voo=2.7t05.5V 0.7Vop Voo Vv
up resistor Voo =1.81t05.5V 0.9Voo Voo v
ViH3 RESET, Vob=2.7t05.5V 0.8Vop Vbb \
P20 to P26, P30to P33 | Vpp=1.8t05.5V 0.9Voo Voo v
ViHa X1, X2, XT1, XT2 Vob=4.5t05.5V Voo — 0.5 Vbb \
Vop=1.8t05.5V Voo — 0.1 Vop V
Input voltage, low Vit P00 to P05, P10, P11, Voo=2.7t05.5V 0 0.3Vop \
P60 to P67 Voo =1.8t05.5V 0 0.1Voo v
Vie P50 to P53 Voo =2.7t05.5V 0 0.3Vop \'
Voo=1.8t05.5V 0 0.1Vop \'
Vis | RESET, Voo =2.7t05.5V 0 0.2Voo v
P20 to P26, P30to P33 |Vpp=1.8105.5V 0 0.1Voo v
ViLa X1, X2, XT1, XT2 Voo=4.5t05.5V 0 0.4 \'
Vopo=1.8t05.5V 0 0.1 Vv
Output voltage, Vo Pins other [Vop=4.5t05.5V, lon=-1mA Vop - 1.0 Vv
high than P23,
P24, P50 10 | Vop=1.8t05.5V, lon = —100 zA Voo - 0.5 \
P53
Output voltage, Vo1 Pins other |Vop=4.5t05.5V, lo. =10 mA 1.0 \'
low than P50 to | (1 PD78916x, 78917x, 78916xY,
P53 78917xY)
Voo =4.5t05.5V, lo.=3 mA 1.0 Vv
(1 PD78916x(A), 78917x(A),
78916xY(A), 78917xY(A))
Voo =1.8t05.5V, lo. = 400 pA 0.5 \
VoLz2 P50to P53 |Vop=4.5t05.5V, lo. =10 mA 1.0 \'
(uPD78916x, 78917x, 78916xY,
78917xY)
Voo =4.5t05.5V, lo.=3 mA 1.0 Vv
(1 PD78916x(A), 78917x(A),
78916xY(A), 78917xY(A))
Voo=1.8t05.5V, lo.=1.6 mA 0.4 \'

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port
pins.
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CHAPTER 23 ELECTRICAL SPECIFICATIONS (uPD78916x, 17x, 16xY, 17xY, 16x(A), 17x(A), 16xY(A), 17xY(A))

DC Characteristics (Ta = —40 to +85°C, Vop = 1.8 to 5.5 V) (2/3)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input current ILik Vi = Vop Pins other than P50 to P53 (N-ch open 3 HA
leakage, high drain), X1, X2, XT1, and XT2

ILiHe X1, X2, XT1, XT2 20 HA
s | Vi=12 V™" | P50 to P53 20 LA
(N-ch open drain)
Input current IiLt Vi=0V Pins other than P50 to P53 (N-ch open -3 HA
leakage, low drain), X1, X2, XT1, and XT2
lui X1, X2, XT1, XT2 —20 HA
lus P50 to P53 ghore? UA
(N-ch open drain)
Output current ILon Vo = Voo 3 HA
leakage, high
Output current lLov Vo=0V -3 HA
leakage, low
Software pull-up Ri Vi =0V, for pins other than P23, P24, and P50 to P53 50 100 200 kQ
resistor
Mask option pull- Rz Vi=0V, P50 to P53 15 30 60 kQ
up resistor

Notes 1. When pull-up resistors are not connected to P50 to P53 (specified by the mask option).

2. A low-level input leakage current of -60 A (MAX.) flows only during the 1-cycle time after a read
instruction is executed to P50 to P53 when on-chip pull-up resistors are not connected to P50 to P53
(specified by the mask option) and P50 to P53 are set to input mode. At times other than this, a -3 ¢A

Remark
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(MAX.) current flows.

Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port

pins.
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CHAPTER 23 ELECTRICAL SPECIFICATIONS (uPD78916x, 17x, 16xY, 17xY, 16x(A), 17x(A), 16xY(A), 17xY(A))

DC Characteristics (Ta = —40 to +85°C, Vop = 1.8 to 5.5 V) (3/3)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Yy
Power supply loo™*" | 10.0 MHz crystal oscillation | Vop = 5.0 V + 10%""** 3.2 8.0 mA
current operating mode
6.0 MHz crystal oscillation | Voo =5.0 V +10%""* 2.0 4.7 mA
operating mode
5.0 MHz crystal oscillation | Vopo=5.0 V +10%""* 1.8 4.0 mA
operating mode VoD = 3.0V + 10%""° 0.6 1.2 mA
(C1 = C2 = 22 pF)
Vob = 2.0 V £ 10%""°° 0.35 0.7 mA
loo2""*" | 10.0 MHz crystal oscillation | Vop = 5.0 V + 10%""** 1.5 3.0 mA
HALT mode
6.0 MHz Crystal oscillation | Vop=5.0V +10%""* 0.9 1.8 mA
HALT mode
5.0 MHz crystal oscillation | Voo =5.0 V + 10%"™** 0.75 1.5 mA
HALT mode Voo = 3.0 V £ 10%""*° 0.4 0.8 mA
(C1=C2 =22 pF)
Vob = 2.0 V + 10%""°° 0.25 0.5 mA
looa"™*" | 32.768 kHz crystal Vop=5.0V+10% 25 90 LA
oscillation operating Voo = 3.0V £ 10% 7.0 50 HA
mode™™*®
(C3=C4=22pF, Vob=2.0V+10% 3.5 30 HA
R = 220 kQ)
lopa"*" | 32.768 kHz crystal oscillatior] Voo = 5.0 V + 10% 16 75 LA
Note 3
HALT mode Vop = 3.0 V + 10% 45 35 LA
(C3 = C4 = 22 pF,
R =220 kQ) Vop =2.0V+£10% 2.3 18 HA
loos"™®" | 32.768 kHz crystal stop Vop=5.0V +10% 0.1 10 LA
STOP mode Vop = 3.0 V + 10% 0.05 5.0 LA
Vop = 2.0V +10% 0.05 3.0 LA
Iooe"** | 10.0 MHz crystal oscillation | Vop =5.0 V + 10%"** 4.0 10.0 mA
A/D operating mode
6.0 MHz crystal oscillation | Voo =5.0 V +10%"*°* 2.8 6.7 mA
A/D operating mode
5.0 MHz crystal oscillation | Voo =5.0 V +10%""** 26 6.0 mA
A/D operating mode Vop =3.0 V£ 10%""* 1.4 32 mA
(C1 = C2 = 22 pF)
Vop=2.0V +10%"° 1.15 2.7 mA

Notes 1. The AVrerON (ADCSO (bit 7 of ADMO; A/D converter mode register 0) = 1), AVop, and the port current
(including the current flowing through the internal pull-up resistors) are not included.
2. The AVrerON (ADCSO0 =1) and port current (including the current flowing through the internal pull-up
resistors) are not included. Refer to the A/D converter characteristics for the current flowing through
AVREF.
3. When the main system clock is stopped.
During high-speed mode operation (when the processor clock control register (PCC) is set to 00H.)
5. During low-speed mode operation (when PCC is set to 02H)

&

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port
pins.
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CHAPTER 23 ELECTRICAL SPECIFICATIONS (uPD78916x, 17x, 16xY, 17xY, 16x(A), 17x(A), 16xY(A), 17xY(A))

AC Characteristics

(1) Basic operation (Ta = —40 to +85°C, Vop = 1.8 to 5.5 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Cycle time Tey Operation based on the Voo =4.5t055V 0.2 8 us
(minimum instruction main system clock Voo = 3.010 5.5 V 0.33 8 s
execution time)

Vob=2.7t055V 0.4 8 us
Voo=1.8t05.5V 1.6 8 us
Operation based on the subsystem clock 114 122 125 Us
TI80 and TI81 input fn Voo =2.7t05.5V 0 4 MHz
frequency Voo =1.8t05.5V 0 275 kHz
TI80 and TI81 input trm, trie [ Voo =2.7105.5V 0.1 us
high-/low-level width Voo = 1.810 5.5 V 18 s
Interrupt input high- | tinth, tinte | INTPO to INTP3 10 Us
/low-level width
RESET input low- trRsL 10 us
level width
CPT90 input high- tceH, 10 us
/low-level width terL
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CHAPTER 23 ELECTRICAL SPECIFICATIONS (uPD78916x, 17x, 16xY, 17xY, 16x(A), 17x(A), 16xY(A), 17xY(A))

(2) Serial interface SI020 (Ta =—40 to +85°C, Vbbb = 1.8 to 5.5 V)

(a) 3-wire serial /O mode (SCK20...Internal clock)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK20 cycle time tkevi  |Vop=2.7t05.5V 800 ns
Vob=1.8t055V 3200 ns
SCK20 high-/low- tkH1, tker [ Voo =2.7t05.5V tkey1/2 — 50 ns
level width Voo = 1.8105.5V tkori/2 — 150 ns
SI20 setup time tsiki Vob=2.7t05.5V 150 ns
(to SCK20 T) Voo = 1.810 5.5V 500 ns
SI120 hold time tksit Voo =2.7t05.5V 400 ns
(from SCK20 T) Voo = 1.8105.5V 600 ns
S0O20 output delay tkso1 R=1kQ, Vop=2.7t05.5V 0 250 ns
time from SCK20! C =100 pF™* Voo= 181055V o 1000 ns
Note R and C are the load resistance and load capacitance of the SO20 output line.
(b) 3-wire serial /O mode (SCK20...External clock)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK20 cycle time tkevz Voo =2.7t05.5V 900 ns
Voo=1.8t055V 3500 ns
SCK20 high-/low- tkH2, tkez [ Voo =2.7t05.5V 400 ns
level width Voo=1.81t055V 1600 ns
SI20 setup time tsike Vop=2.7t05.5V 100 ns
(to SCK20T) Voo = 1.810 5.5V 150 ns
SI20 hMe tksi2 Vob=2.7t05.5V 400 ns
(from SCK20 T) Voo=1.8105.5V 600 ns
S0O20 output delay tkso2 R=1kQ, Vop=2.7t05.5V 0 300 ns
time from SCK20 | C =100 pF"™* Voo = 181055 V 0 1000 ns
S020 setup time tas2 | Vpp=2.71t055V 120 ns
(when using SS20,
to SS20 1) Voo =1.8t05.5V 400 ns
S020 disable time tkos2  [Vpp=2.7t055V 240 ns
(whe&sing SS20,
from §520 1) Vop=1.81t05.5V 800 ns
Note R and C are the load resistance and load capacitance of the SO20 output line.
(c) UART mode (dedicated baud rate generator output)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate Vop=2.7t055V 78125 bps
Vob=1.8t055V 19531 bps
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(d) UART mode (external clock input)

fall time

Parameter Symbol Conditions MIN. TYP. MAX. Unit
ASCK20 cycle tkeys Voo =27t055V 900 ns
time Voo =1.8105.5V 3500 ns
ASCK20 high-/low- | tkns, tkis | Voo =2.7105.5V 400 ns
level width Voo=1.81055V 1600 ns
Transfer rate Voo =2.7t0 5.5V 39063 bps

Voo=1.8t05.5V 9766 bps
ASCK20 rise time, tr, tr 1 us
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CHAPTER 23 ELECTRICAL SPECIFICATIONS (uPD78916x, 17x, 16xY, 17xY, 16x(A), 17x(A), 16xY(A), 17xY(A))

(3) Serial interface SMBO (Ta = -40 to +85°C, Vbb = 1.8 to 5.5 V)
(uPD78916xY, 78917xY, 78916xY(A), 78917xY(A) only)

(a) DC characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high ViH SCLO, SDAO (at hysteresis) 0.8Vop Voo Vv
Input voltage, low Vi SCLO, SDAO (at hysteresis) 0 0.2Vop \
Output voltage, Vo SCLO, SDAO |Vbp=4.5t05.5V, lo. =10 mA 1.0 \Y
low Voo = 1.810 5.5V, loL = 400 1 A 05 v
Input current Ium SCLO, SDAO | Vi= Voo 3 HA
leakage, high
Input current I SCLO, SDAO |Vi=0V -3 HA
leakage, low

(b) DC characteristics (when using comparator)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input range Vspa, |Voo=18t055V 0 5.5 \

VscL
Transfer level Vispa, 45<Vop<55V 0.72Visvs Visms 1.28Visvs \%
Vst 33 < Voo <45V 078Visvs | Visve | 1.22Visve v
2.7<Vop <33V 0.75Visvs Visvs 1.25Visvs Vv
1.8<Vop <27V 0.90Visvs Visms 1.45Visve \Y
Input level Visms LVLO1, LVLO0O =0, 1 0.25 x Voo \
threshold value™* LVLO1, LVLOO = 1,0 0375x Vo \
LVLO1, LVLOO =1, 1 0.5 x Voo \

Note Visws is an input level threshold value selected by bits LVLOO and LVLO1 (bits 0 and 1 of SMB input level
setting register 0 (SMBVI0)).
According to the SMB standard (V1.1), the maximum value of low-level input voltage is 0.8 V, and the
minimum value of high-level input voltage, 2.1 V. To satisfy these conditions, set LVLO1 and LVLOO as

follows.

e When Vop =1.8t0 3.3 V: LVLO1, LVLOO =1, 1 (0.5 x Vob)
e When Vob =3.3t04.5V: LVLO1, LVLOO =1, 0 (0.375 x Vbp)
e When Voo =4.5t05.5V: LVLO1,LVLOO =0, 1(0.25 x VbD)

“LVLO1, LVLOO = 0, 0” is not possible since this setting does not satisfy the SMB standard (V1.1).
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(c) AC characteristics

SMB Mode Standard Mode I’C High-Speed Mode I'C
Parameter Symbol Bus Bus Unit
MIN. MAX. MIN. MAX. MIN. MAX.

SCLO clock frequency fork 10 100 0 100 0 400 kHz
Bus free time tBuF 4.7 - 4.7 - 1.3 - Us
(between stop and start condition)
Hold time"**®" tHp:sTA 4.0 - 4.0 - 0.6 - us
Start/restart condition setup time tsu:sTa 4.7 - 4.7 - 0.6 - us
Stop condition setup time tsu:sTo 4.0 - 4.0 - 0.6 - us
Data hold | When using CBUS- tHD:DAT - - 5 - - - us
time compatible master

When using SMB/IIC 300 - ote? - oMre? 900""** ns

bus
Data setup time tsu:aT 250 - 250 - 100" - ns
SCLO clock low-level width tow 4.7 - 4.7 - 1.3 - us
SCLO clock high-level width tHiGH 4.0 50 4.0 - 0.6 - Us
SCLO and SDAO signal fall time tF - 300 - 300 - 300 ns
SCLO and SDAO signal rise time tr - 1000 - 1000 - 300 ns
Spike pulse width controlled by tsp - - - - 0 50 ns
input filter
Timeout trimeout 25 35 - - - - ms
Total extended time of SCLO clock | tLow:sext - 25 - - - - ms
low-level period (slave)
Total extended time of cumulative tLow:mExT - 10 - - - - ms
clock low-level period (master)
Capacitive load per each bus line Cb - - - 400 - 400 pF

Notes 1. In the start condition, the first clock pulse is generated after this hold time.
2. To fill in the undefined area of the SCLO falling edge, it is necessary for the device to internally
provide at least 300 ns of hold time for the SDAO signal (which is Viimin. of the SCLO signal).
3. If the device does not extend the SCLO signal low hold time (ttow), only maximum data hold time
tHD:DAT needs to be fulfilled.
4. The high-speed mode I°C bus is available in the SMB mode and the standard mode I°C bus system.
At this time, the conditions described below must be satisfied.
o [f the device extends the SCLO signal low state hold time
tsubaT> 250 ns
¢ [f the device extends the SCLO signal low state hold time
Be sure to transmit the next data bit to the SDAO line before the SCLO line is released (tRmax.+
tsu:baT = 1000 + 250 = 1250 ns by the SMB mode or the standard mode I°C bus specification).
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AC Timing Measurement Points (Excluding X1 and XT1 Inputs)

0.8 Vop Point of 0.8 Voo
0.2 Vop measurement 0.2 Voo
Clock Timing
1/fx |
txu || txH
Vina (MIN.)
X1 input
N Vis (MAX.)
1/fxT |
txTL | tXTH
Vira (MIN.)
XT1 input
N Viia (MAX.)
Tl Timing
1/le |

TI80, TI81 \

4.
LTIL

4.
TIH
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Interrupt Input Timing

tinTL tINTH

INTPO to INTP3

RESET Input Timing

tRsL

RESET

CPT90 Input Timing

tepL tcpH

CPT90
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Serial Transfer Timing

3-wire serial I/0 mode:

tkcym |
tkim | tkHm |
\ /
SCK20
\
tsikm tksim
i \
SI120 Input data
\ 4
tksom

S020 X Output data X

Remark m=1,2

3-wire serial I/0 mode (when using SS20):

SS20
D))
(4
tkas2 tkps2
/ « X
S020 —m Output data X F
N\ ) 7
(S
UART mode (external clock input):
tkeys
kL3 tKH3
tr tr
/ \
ASCK20 \ / \
\ / N
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SMB mode
i - tow tn
T ZL Y o)
SCLO : E E E \E / S( y
o tr
. tHD:DAT tHigH
E E E : tHD:STA tsu:paT
1 : A E A
SDAO Y/ R\ / E(
S R 7
E ' tBUFE E
Stop condition  Start condition

tHD:sTA

/X

v

tsp

\

Restart condition

8-Bit A/D Converter Characteristics (uPD78916x, 78916xY, 78916x(A), 78916xY(A))

(Ta=-40to +85°C, 1.8 < AVRer < AVbp = Vop < 5.5 V, AVss = Vss = 0 V)

'

Stop condition

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution 8 8 8 bit
Overall error™ 2.7 <AVRer < AVop < 5.5V +0.4 +0.6 %FSR

1.8 <AVmer < AVoD <55V 0.8 +1.2 %FSR
Conversion time tconv 45<AVRer <AV <55V 12 100 us

2.7<AVmer <AVoD <55V 14 100 Us

1.8 <AVRer <AVoD <55V 28 100 us
Analog input voltage Vian 0 AVrer \
Reference voltage AVRer 1.8 AVop \Y
Resistance between Raprer 20 40 kQ
AVrerand AVss

Note Excludes quantization error (£0.2%FSR).

Remark FSR: Full scale range
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10-Bit A/D Converter Characteristics (uPD78917x, 78917xY, 78917x(A), 78917xY(A))
(TA=-401to0 +85°C, 1.8 <AVRer<AVbp=Vbop<5.5V, AVss =Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution 10 10 10 bit
Overall error*® 4.5V < AVrer < AVop < 5.5 V +0.2 +0.4 %FSR

2.7V<AVrRer <AV <55V 0.4 +0.6 %FSR
1.8V <AVRer <AV <55V +0.8 +1.2 %FSR
Conversion time tconv 45V < AVrer <AVop <55V 12 100 us
2.7V<AVrRer <AV <55V 14 100 Us
1.8V<AVrRer <AV <55V 28 100 us
Zero-scale error**® 4.5V < AVrer < AVop < 5.5V +0.4 %FSR
2.7V <AVrer <AVoD <55V +0.6 %FSR
1.8 V<AVRer < AVoD <55V +1.2 %FSR
Full-scale error"™* 45V <AVrer <AVop < 5.5V +0.4 %FSR
2.7V <AVrer <AVoD <55V +0.6 %FSR
1.8 V<AVRer < AVoD <55V +1.2 %FSR
Integral linearity INL 45V <AVRer <AVop < 5.5V 2.5 LSB
error"* 2.7V <AVrer < AVop < 5.5V 4.5 LSB
1.8V <AVrRer <AVoD <55V 8.5 LSB
Differential linearity DNL [4.5V<AVRer<AVop<55V +1.5 LSB
error"* 2.7V <AVrer < AVop < 5.5V 2.0 LSB
1.8V <AVrRer <AVoD <55V 3.5 LSB
Analog input voltage Vian 0 AVrer \
Reference voltage AVRer 1.8 AVop \%
Resistance between RapRer 20 40 kQ
AVrerand AVss
Note Excludes quantization error (+0.05%FSR).
Remark FSR: Full scale range
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Data Memory STOP Mode Low Power Supply Voltage Data Retention Characteristics (Ta = —40 to +85°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Data retention power Vooor 1.8 55 \'%
supply voltage
Release signal set time tsReEL 0 us
Oscillation stabilization twarr Release by RESET 2%/fx S
wait time™**" Release by interrupt request Note 2 s

Notes 1. The oscillation stabilization time is the time the CPU operation is stopped to prevent unstable
operation when oscillation starts.
2. By using bits 0 to 2 (OSTSO0 to OSTS2) of the oscillation stabilization time selection register (OSTS),
2"fix, 2"°/fx, or 2""/fx can be selected.

Remark fx: Main system clock oscillation frequency

Data Retention Timing (STOP Mode Release by RESET)

Internal reset operation
! HALT mode

4§ STOP mode 5 - Operating mode

Data retention mode ———

VopDR tsREL

STOP instruction execution

RESET ) \ Zl

twair

Data Retention Timing (Standby Release Signal: STOP Mode Release by Interrupt Signal)

HALT mode
)5 STOP mode : Operating mode
~———— Data retention mode ————
4§
Vob
VbDpDR tsrEL
STOP instruction execution
) /
Standby release signal
(interrupt request)
4§
twarr
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CHAPTER 24 CHARACTERISTICS CURVES (uPD78916x, 17x, 16xY, 17xY, 16x(A), 17x(A),
16xY(A), 17xY(A))

Iop vs. Voo (fx = 5.0 MHz, fxr = 32.768 kHz)
10.0 (Ta=25°C)

Main system clock operating
mode —
— (PCC1=0,CSS0=0)
/ Main system clock operating
mode
1.0 — (PCC1=1,CSS0=0) —
7 Main system clock operation —
7 HALT mode _]
(PCC1=0,CSS0=0)

Main system cloék

/;// operation HALT mode

0.5

(PCC1=1,CSS0 =0)

ANN
N

0.1

Supply current loo (MA)

0.05

Subsystem clock operating
mode (CSS0 =1, MCC =1)
| |

/|
7 1 1
Subsystem clock operation
HALT mode (CSS0 =1, MCC = 1)

0.01 ///

0.005 % [x1 X2 XT1  xT2| -
/ / Crystal Crystal i

resonator resonator
// / E)I I%lnlz 32768 kHz; 220 K
/ 22pF:|: 22pF:|:_|_33pF :|:33pF ]

/ Vs T Vs

0.001 | | |
0 1 2 3 4 5 6 7 8

Supply voltage Voo (V)
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00 loo vs. Voo (fx = 4.19 MHz, fxt = 32.768 kHz) (Ta=25C)

Main system clock operating
- mode (PCC1 =0, CSS0 =0)

Main system clock operating _|
mode (PCC1=1,CSS0 =0) —

1.0

T T
s Main system clock operation
05 Z ,/ HALT mode (PCC1 =0, CSS0 = 0)
| |

I I
Main system clock operation
HALT mode (PCC1=1,CSS0=0) |

\\\

v
< / /
£
o /4
g 77
Z
> 4
Q.
& 005 /
Subsystem clock operating
_~~ mode (CSS0 =1, MCC = 1)
/1 7/ I I
4N |
Subsystem clock operation
HALT mode (CSSO0 = 1, MCC = 1)
0.01 /
) / l/
/S
/S / |
v/ ]
0.005 /[ // [x1 x2 XT1  xT2] |
/ / Crystal Crystal _
resonator resonator
,/ / 419 MHz | [32.768 kHzS 220 K |
A/ -t
y 22pF = 22pFI= = 33pF = 33pF _
/ 7']7' Vss 7J7' Vss
0.001 | | |

1 2 3 4 5 6 7 8
Supply voltage Voo (V)
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Supply current loo (mA)

loo vs. Voo (fx = 1.0 MHz, fxr = 32.768 kHz) (Ta=25C)

10.0
1.0
Main system clock operating
mode (PCC1 =0, CSS0 = 0) “~"\ain system clock operating
05 mode (PCC1=1,CSS0=0) |
: / Main system clock operation
,/ CZ<HALT mode (PCC1 = 0, CSSO = O}
A
T
/A%ain system clock operation
/// A HALT mode (PCC1 = 1, CSS0 = 0)
/7
0.1 7 7
/4
/4
// /4
0.05 //
/
7
Subsystem clock operating
/ mode (CSS0 =1, MCC =1)
A Subsystem clock operation
L~ HALT mode (CSSO0 =1,
MCC =1)
0.01 ////
/S [/
/S [ -
Yy / _
0.005 / // |x1 X2 XT1___ XxT12| .
/ / Crystal Crystal _
resonator resonator
/ / 1.0 MHz 52,768 kHzy 220 K2
// 100 pF == 100 pF == == 33pF == 33pF |
Vss Vss
0.001 | | |
0 2 3 4 5 6 7 8

Supply voltage Voo (V)
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (1PD78916x(A1), 17x(A1), 16x(A2), 17x(A2))

Absolute Maximum Ratings (Ta = 25°C)

Parameter Symbol Conditions Ratings Unit
Supply voltage Vob AVop - 0.3V <Vop <AVop + 0.3V -0.3t0 +6.5 \Y
AVop AVrer < AVop+ 0.3V \Y
AVRer AVrer < Vop + 0.3V V
Input voltage Vi Pins other than P50 to P53, P23, P24 —-0.3to Voo + 0.3 \
Vi P23, P24 -0.3to +5.5 \
Vis P50 to P53 N-ch open drain -0.3to +13 \Y
On-chip pull-up resistor —0.3to Voo + 0.3 \Y
Output voltage Vo —0.3to Voo + 0.3 Vv
Output current, high lon Per pin uPD78916x(A1), -4 mA
Total for all pins 78917x(A1) -14 mA
Per pin 1uPD78916x(A2), -2 mA
Total for all pins 78917x(A2) ) mA
Qutput current, low lou Per pin uPD78916x(A1), 5 mA
Total for all pins 78917x(A1) 80 mA
Per pin H1PD78916x(A2), 2 mA
Total for all pins 78917x(A2) 40 mA
Operating ambient temperature Ta 1uPD78916x(A1), 78917x(A1) —40to +110 °C
UPD78916x(A2), 78917x(A2) -40to +125 °C
Storage temperature Tstg —65 to +150 °C

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for
any parameter. That is, the absolute maximum ratings are rated values at which the product is
on the verge of suffering physical damage, and therefore the product must be used under
conditions that ensure that the absolute maximum ratings are not exceeded.

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port
pins.
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (#PD78916x(A1), 17x(A1), 16x(A2), 17x(A2))

Main System Clock Oscillator Characteristics
(Voo =4.5t05.5V, Ta =-40 to +110°C (uPD78916x(A1), 78917x(A1)),

= —40 to +125°C (uPD78916x(A2), 78917x(A2)))

(txH, txu)

Resonator | Recommended Circuit Parameter Conditions MIN. | TYP. | MAX. | Unit
Ceramic Oscillation frequency (fx)"®" Voo = oscillation 1.0 50 | MHz
resonator voltage range
Oscillation stabilization time"**? After Voo reaches 4 ms
oscillation voltage
range MIN.
External X1 X2 X1 input frequency (fx)"*" 1.0 5.0 | MHz
clock
X1 input high-/low-level width 85 500 ns
(txH, txo)
X1 input frequency (fx)""" 1.0 5.0 | MHz
X1 X2
X1 input high-/low-level width 85 500 ns
OPEN

Notes 1. Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.
2. Time required to stabilize oscillation after reset or STOP mode release. Use a resonator that stabilizes

Cautions 1.

oscillation within the oscillation wait time.

broken lines in the above figures to avoid an adverse effect from wiring capacitance.

o Keep the wiring length as short as possible.
e Do not cross the wiring with the other signal lines.

When using the main system clock oscillator, wire as follows in the area enclosed by the

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

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

* Do not fetch signals from the oscillator.

2. When the main system clock is stopped and the device is operating on the subsystem clock,
wait until the oscillation stabilization time has been secured by the program before

switching back to the main system clock.

3. For ceramic resonator, use the part number for which the resonator manufacturer

guarantees operation under the following conditions.
uPD78916x(A1), 78917x(A1): Ta=110°C
1PD78916x(A2), 78917x(A2): Ta=125°C

Remark For the resonator selection and oscillator constant, users are requested to either evaluate the oscillation

themselves or apply to the resonator manufacturer for evaluation.
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (4PD78916x(A1), 17x(A1), 16x(A2), 17x(A2))

Subsystem Clock Oscillator Characteristics
(Voo =4.5t0 5.5V, Ta =-40 to +110°C (uPD78916x(A1), 78917x(A1)),
= —40 to +125°C (4PD78916x(A2), 78917x(A2)))

Resonator | Recommended Circuit Parameter Conditions MIN. | TYP. [ MAX. [ Unit
Crystal Oscillation frequency (fxr)"" 32 |32.768| 35 | kHz
resonator

Oscillation stabilization time"*®* 1.2 2 s
External XT1 XT2 XT1 input frequency (fxr)"**’ 32 35 | kHz
clock

XT1 input high-/low-level width 14.3 15.6 us

(txTh, txTL)

Notes 1. Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.
2. Time required to stabilize oscillation after reset or STOP mode release. Use a resonator that stabilizes
oscillation within the oscillation wait time.

Cautions 1. When using the subsystem clock oscillator, wire as follows in the area enclosed by the
broken lines in the above figures to avoid an adverse effect from wiring capacitance.

o Keep the wiring length as short as possible.

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

¢ Do not route the wiring near a signal line through which a high fluctuating current flows.
¢ Always make the ground point of the oscillator capacitor the same potential as Vsso.

¢ Do not ground the capacitor to a ground pattern through which a high current flows.

¢ Do not fetch signals from the oscillator.

2. The subsystem clock oscillator is designed as a low-amplitude circuit for reducing current
consumption, and is more prone to malfunction due to noise than the main system clock
oscillator. Particular care is therefore required with the wiring method when the subsystem
clock is used.

Remark For the resonator selection and oscillator constant, users are requested to either evaluate the oscillation
themselves or apply to the resonator manufacturer for evaluation.
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (#PD78916x(A1), 17x(A1), 16x(A2), 17x(A2))

DC Characteristics
(Voo =4.5t0 5.5V, Ta =—40 to +110°C (4PD78916x(A1), 78917x(A1)),
= —-40 to +125°C (uPD78916x(A2), 78917x(A2))) (1/3)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output current, low | Perpin 4PD78916x(A1), 78917x(A1) -1 mA
high Total for all pins -7 mA

Per pin 1PD78916x(A2), 78917x(A2) -1 mA
Total for all pins -3 mA
Output current, low lo | Per pin uPD78916x(A1), 78917x(A1) 1.6 mA
Total for all pins 40 mA
Per pin 1PD78916x(A2), 78917x(A2) 1.6 mA
Total for all pins 20 mA
Input voltage, high ViH1 P00 to P05, P10, P11, P60 to P67 0.7Vop Voo \Y
ViHz P50 to P53 N-ch open drain 0.7Vop 10 \Y
On-chip pull-up resistor 0.7Vop Vob \Y
ViH3 RESET, P20 to P26, P30 to P33 0.8Vop Vob \'
ViHa X1, X2, XT1, XT2 Voo - 0.1 Vbb \
Input voltage, low Vit P00 to P05, P10, P11, P60 to P67 0 0.3Vop \'
Viee P50 to P53 0 0.3Vop \Y
Vis RESET, P20 to P26, P30 to P33 0 0.2Voo \
Vi X1, X2, XT1, XT2 0 0.1 \
Output voltage, Vo Pins other than | lon=-1mA Vob - 2.0 \Y
high P23, P24, P50
to P53 lon =—-100 LA Vop - 1.0 \
Output voltage, Vo1 Pins other than | lo.=1.6 mA 2.0 \Y
low P50 to P53 loL = 400 4A 10 y
Vo2 P50 to P53 lo.=1.6 mA 1.0

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port
pins.
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (4PD78916x(A1), 17x(A1), 16x(A2), 17x(A2))

DC Characteristics
(Voo =4.5t0 5.5V, Ta =—40 to +110°C (uPD78916x(A1), 78917x(A1)),

= —40 to +125°C (4PD78916x(A2), 78917x(A2))) (2/3)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input leakage ILik Vi = Vop Pins other than P50 to P53 (N-ch open 10 HA
current, high drain), X1, X2, XT1, and XT2

ILiHe X1, X2, XT1, XT2 20 HA
luws | Vi=10V™ [ P50 to P53 80 LA
(N-ch open drain)
Input leakage IiLt Vi=0V Pins other than P50 to P53 (N-ch open -10 HA
current, low drain), X1, X2, XT1, and XT2
lui X1, X2, XT1, XT2 —20 HA
lus P50 to P53 —10"*? UA
(N-ch open drain)
Output leakage ILon Vo = Voo 10 HA
current, high
Output leakage lLov Vo=0V -10 HA
current, low
Software pull-up R Vi =0V, for pins other than P23, P24, and P50 to P53 50 100 300 kQ
resistor
Mask option pull- Re Vi=0V, P50to P53 | uPD78916x(A1), 78917x(A1) 15 30 100 kQ
up resistor 1PD78916x(A2), 78917x(A2) 10 30 100 kQ

Notes 1. When pull-up resistors are not connected to P50 to P53 (specified by mask option).

2. A low-level input leakage current of -60 uA (MAX.) flows only during the 1-cycle time after a read
instruction is executed to P50 to P53 when on-chip pull-up resistors are not connected to P50 to P53
(specified by mask option) and P50 to P53 are set to input mode. At times other than this, a —10 A

Remark

374

(MAX.) current flows.

Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port

pins.
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (#PD78916x(A1), 17x(A1), 16x(A2), 17x(A2))

DC Characteristics
(Voo =4.5t0 5.5V, Ta =—40 to +110°C (4PD78916x(A1), 78917x(A1)),
= —-40 to +125°C (uPD78916x(A2), 78917x(A2))) (3/3)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Power supply loot"*" | 5.0 MHz crystal oscillation Voo = 5.0 V £10%""* 2.0 8.0 mA
current operating mode

(C1=C2 =22 pF)

et 5,0 MHz crystal oscillation Vob = 5.0 V £10%""** 1.0 5.0 mA
HALT mode
(C1=C2 =22 pF)

lop2

IDDsNote 1

32.768 kHz crystal oscillation | Voo =5.0 V £10% 30 1200 HA
operating mode"**
(C3=C4 =22 pF,

R = 220 kQ)

Mol 1 32.768 kHz crystal oscillation | Voo = 5.0 V £10% 25 1100 LA
HALT mode™**
(C3 = C4 = 22 pF,

lop4

R = 220 kQ)

Iops"™®" | 32.768 kHz crystal stop Voo = 5.0 V +10% 0.1 1000 LA
STOP mode

Ioos"** | 5.0 MHz crystal oscillation Voo = 5.0 V £10%""** 3.0 10.0 mA

A/D operating mode
(C1=C2=22pF)

Notes 1. The AVrerON (ADCSO (bit 7 of ADMO; A/D converter mode register 0) = 1), AVop, and port current
(including the current flowing through the internal pull-up resistors) is not included.
2. The AVRrerON (ADCSO0 =1) and port current (including the current flowing through the internal pull-up
resistors) is not included. Refer to the A/D converter characteristics for the current flowing through
AVREF.
3. When the main system clock is stopped.
4. During high-speed mode operation (when the processor clock control register (PCC) is set to 00H.)

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port
pins.
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (4PD78916x(A1), 17x(A1), 16x(A2), 17x(A2))

AC Characteristics

(1) Basic operation

(Vop = 4.5 t0 5.5 V, Ta = —40 to +110°C (uPD78916x(A1), 78917x(A1)),
=—40 to +125°C (uPD78916x(A2), 78917x(A2)))

Parameter

Symbol Conditions MIN. TYP. MAX. Unit
Cycle time Tey Operation based on the main system clock 0.4 8 us
(minimum instruction
execution time) Operation based on the subsystem clock 114 122 125 us
TI80 and TI81 input fri 0 4 MHz
frequency
TI180 and TI81 input trm, trie 0.1 Us
high-/low-level width
Interrupt input high- | tinth, tinte | INTPO to INTP3 10 Us
/low-level width
RESET input low- tRsL 10 us
level width
CPT90 input high- tcpH, 10 us
/low-level width terL

376

Tcy vs. Vob (main system clock)

Operation
guaranteed range

60

10
@
=
5
'_
(0]
£
@

S 1.0
O

0.4

0.1

2 3 4 5
Supply voltage Voo [V]
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (#PD78916x(A1), 17x(A1), 16x(A2), 17x(A2))

(2) Serial interface 20
(Vobo = 4.5 t0 5.5 V, Ta =40 to +110°C (uPD78916x(A1), 78917x(A1)),
=-40 to +125°C (uPD78916x(A2), 78917x(A2)))

(a) 3-wire serial I/0 mode (SCK20...Internal clock)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK20 cycle time tkey1 800 ns
SCK20 high-/low- tkH1, tkLt tkey1/2 — 50 ns
level width
SI20 setup time tsiki 150 ns
(to SCK20 1)

SI120 hold time txsit 400 ns
(from SCK20 T)

S020 output delay | tksor |R=1kQ, C=100 pF** 0 250 ns
time from SCK20{

Note R and C are the load resistance and load capacitance of the SO20 output line.

(b) 3-wire serial I/O mode (SCK20...External clock)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK20 cycle time tkey2 900 ns
SCK20 high-/low- tKkH2, tkiz 400 ns
level width
SI20 setup time tsika 100 ns
(to SCK20 T)

SI20 hold time tksiz2 400 ns
(from SCK20 T)

S020 output delay tksoz | R=1kQ, C=100 pF"* 0 300 ns
time from SCK20 |

S020 setup time tkas2 120 ns
(when using SS20,

to $S20 1)

S020 disable time tkps2 240 ns

(when using SS20,
from SS20 T)

Note R and C are the load resistance and load capacitance of the SO20 output line.

(c) UART mode (dedicated baud rate generator output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Transfer rate 78125 bps
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (4PD78916x(A1), 17x(A1), 16x(A2), 17x(A2))

(d) UART mode (external clock input)

fall time

Parameter Symbol Conditions MIN. TYP. MAX. Unit
ASCK20 cycle tkeys 900 ns
time
ASCK20 high-/low- | tkHs, tkis 400 ns
level width
Transfer rate 39063 bps
ASCK20 rise time, tr, tF 1 us

378
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (#PD78916x(A1), 17x(A1), 16x(A2), 17x(A2))

AC Timing Measurement Points (Excluding X1 and XT1 Inputs)

0.8Voo Point of 0.8Voo
0.2Vob measurement 0.2Vop
Clock Timing
1/fx
L [ txH
Vina (MIN.)
X1 input
\ Vi (MAX.)
1/fxt
XTL [ txTH
ViHa (MIN.)
XT1 input
< Vi (MAX.)
Tl Timing
1/fn '
tric || tH |

TI80, TI81 \

User’'s Manual U14186EJ6VOUD

379



CHAPTER 25 ELECTRICAL SPECIFICATIONS (4PD78916x(A1), 17x(A1), 16x(A2), 17x(A2))

Interrupt Input Timing

tinTL tiNTH

INTPO to INTP3

RESET Input Timing

tRsL

RESET

CPT90 Input Timing

terL tepH

CPT90
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (#PD78916x(A1), 17x(A1), 16x(A2), 17x(A2))

Serial Transfer Timing

3-wire serial I/0 mode:

SCK20

Sl20

S020

Remark m=1,2

3-wire serial /0 mode (when using SS20):

UART mode (external clock input):

ASCK20 \ / f

tkeys

ks
tr

tkeym
tkim tKkHm
\ /
\
tsikm tksim |
Input data
tksom
Qutput data ><
Y
¢
tkas2 tkps2
Y
/ ¢
S020 —]( Outpqudata —

¢

tF
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (4PD78916x(A1), 17x(A1), 16x(A2), 17x(A2))

8-Bit A/D Converter Characteristics (uPD78916x(A1), 78916x(A2))
(Ta =-40 to +110°C (uPD78916x(A1)), —40 to +125°C (uPD78916x(A2))
4.5 < AVRrer < AVpp= VoD < 5.5V, AVss = Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution 8 8 8 bit
Overall error™ +0.4 +1.0 %FSR
Conversion time tcony 14 28 us
Analog input voltage Vian 0 AVerer \Y
Reference voltage AVRrer 4.5 AVob \%
Resistance between Rabrer 20 40 kQ
AVrerand AVss

Note Excludes quantization error (+0.2%FSR).

Remark FSR: Full scale range
10-Bit A/D Converter Characteristics (uPD78917x(A1), 78917x(A2))
(Ta=-40to +110°C (PD78917x(A1)), —40 to +125°C (uPD78917x(A2))
4.5< AVRer < AVob = Vpp < 5.5V, AVss =Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution 10 10 10 bit
Overall error*™® +0.2 +0.6 %FSR
Conversion time tcony 14 28 us
Zero-scale error"™® +0.6 %FSR
Full-scale error*® +0.6 %FSR
Integral linearity error™* INL +4.5 LSB
Differential linearity DNL +2.0 LSB
error**®
Analog input voltage Vian 0 AVRer
Reference voltage AVRer 4.5 AVop
Resistance between Rabrer 20 40 kQ

AVrerand AVss

Note Excludes quantization error (+0.05%FSR).

Remark FSR: Full scale range

382
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CHAPTER 25 ELECTRICAL SPECIFICATIONS (#PD78916x(A1), 17x(A1), 16x(A2), 17x(A2))

Data Memory STOP Mode Low Power Supply Voltage Data Retention Characteristics
(Ta =40 to +110°C (£PD78916x(A1), 78917x(A1)),
= —40 to +125°C (4PD78916x(A2), 78917x(A2)))

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Data retention power Vooor 4.5 5.5 \Y
supply voltage
Release signal set time tsReEL 0 Us
Oscillation stabilization twarr Release by RESET 2%/fx S
wait time™**" Release by interrupt request Note 2 s

Notes 1. The oscillation stabilization time is the time the CPU operation is stopped to prevent unstable

operation when oscillation starts.
2. 2%fx, 2"x, or 2"/fx can be selected by using bits 0 to 2 (OSTS0 to OSTS2) of the oscillation

stabilization time selection register (OSTS).

Remark fx: Main system clock oscillation frequency

Data Retention Timing (STOP Mode Release by RESET)

Internal reset operation

£ STOP mode

HALT mode

~—————Data retention mode———|

VboDR

tsREL

STOP instruction execution

RESET

LG
)T

twarr

Data Retention Timing (Standby Release Signal: STOP Mode Release by Interrupt Signal)

le———— STOP mode

HALT mode

Data retention mode

Operating mode

Operating mode

VopoR

tsREL

STOP instruction execution

Standby release signal

(interrupt request)
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CHAPTER 26 CHARACTERISTICS CURVES (zPD78916x(A1), 17x(A1), 16x(A2), 17x(A2))

Iop vs. Voo (fx = 5.0 MHz, fxr = 32.768 kHz)

(Ta = 25°C)
10.0

Main system clock operating
mode
L—" (PCC1=0,CSS0=0)
— Main system clock operating
mode
(PCCj =1,CSS0 = 0)
Main system clock operation
HALT mode
(PCC1=0,CSS0=0) —
0.5 Main system clock operation
HALT mode
(PCC1=1,CSS0=0)

1.0

0.1

Supply current loo (mA)

0.05

Subsystem clock operating]|
mode
A~ (CSS0=1,MCC=1) .
/ Subsystem clock operation
/ HALT mode

(CSso=1,MCC =1)
0.01 l l

[x1 X2 XT1 x72|
0.005 Crystal Crystal
resonator resonator —
5.0 MHz 32.768 kHz 220 kQ

HOE 0 -

22pF_|_ 22pF_|_ _|:33pF _|:33pF

Vss Vss

1 2 3 4 5 6 7 8

0.001
0

Supply voltage Voo (V)
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CHAPTER 26 CHARACTERISTICS CURVES (1PD78916x(A1), 17x(A1), 16x(A2), 17x(A2))

Supply voltage Ioo (mA)

Ioo vs. Voo (fx = 4.19 MHz, fxr = 32.768 kHz)

(Ta = 25°C)

10.0
Main system clock operating mode
_— (PCC1=0,CSS0=0)
1.0 — ! !
Main system clock operating mode}
(PCC1=1,CSS0=0) -
| |
_~ Main s'ystem clock oﬁeration
0.5 /' HALT mode (PCC1 =0, CSS0 = 0)]
7 i i
Main system clock operation
HALT mode (PCC1=1,CSS0=0) ~ |
0.1
0.05
/ Subsystem clock operating mode
p (CSSOI:1,MCC:1)I
oy
Subsystem clock operation
HALT mode (CSS0 =1, MCC = 1)
0.01
0.005 [x1 X2 XT1 x12| -
Crystal Crystal
resonator resonator
4.1E|):|MHZ 32.76|:8| kHz 220 k ]
22pF:|: 22pF:|: :|:33pF :|: 33 pF _]
Vss Vss
0.001 l l l
0 3 4 5 6 7 8

Supply voltage Voo (V)
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CHAPTER 26 CHARACTERISTICS CURVES (1PD78916x(A1), 17x(A1), 16x(A2), 17x(A2))

Ioo vs. Voo (fx = 1.0 MHz, fxr = 32.768 kHz)

(Ta=25°C)
10.0
1.0
Main system clock operating mode
(PCC1=0,CSS0 =0) - .
Main system clock operating mode ]
(PCC1=1,CSS0=0)
0.5 7 ) )
Main system clock operation HALT
//7 mode (PCC1 =0, CSS0 = 0)
| |
z I I
Main system clock operation HALT mode
g (PCC1=1,CSS0=0) —
E
8
I
g 0.1
3
o
>
S
o
]
» 0.05
Subsystem clock operating mode |
/ (CSS0=1,MCC =1)
A // Subsystem clock operation 1
7 HALT mode (CSS0 = 1, MCC = 1)
0.01
0.005 [x1 x2 X111 x72| ]
Crystal Crystal _
resonator resonator s oo( k)
1.0|ﬁAHz 32.768 KHz ]
100 pF :|: 100 pF:|: _|_33pF T 33 pF |
Vss Vss
0.001 | | |
0 1 2 3 4 5 6 7 8

Supply voltage Voo (V)
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (LPD78F9177A, 78F9177AY, 78F9177A(A),
78F9177AY(A))

Absolute Maximum Ratings (Ta = 25°C)

Parameter Symbol Conditions Ratings Unit
Supply voltage Vop AVop - 0.3V < Voo <AVop + 0.3V -0.3t0 +6.5
AVop AVrer < AVop+ 0.3V

AVRer AVRrer <Vop + 0.3V \Y

\3 Note -0.3to +10.5 Vv

Input voltage Vit Pins other than P50 to P53, P23, P24 —0.3to Voo + 0.3 \

Vi2 P23, P24 -0.3t0 +5.5 \Y

Vis P50 to P53 -0.3t0 +13 \Y

Output voltage Vo —0.3to Voo + 0.3 Vv
Output current, high lon Per pin UPD78F9177A, -10 mA
Total for all pins HPDTBFO17TAY -30 mA
Per pin uPD78F9177A(A), -7 mA
Total for all pins HPDTBFIT7TAY(A) -22 mA
Output current, low lou Per pin 1PD78F9177A, 30 mA
Total for all pins HPDTBFINTTAY 160 mA
Per pin UPD78F9177A(A), 10 mA
Total for all pins HPDTBFITTTAY(A) 120 mA

Operating ambient temperature Ta In normal operation mode —40 to +85 °C
During flash memory programming +10 to +40 °C

Storage temperature Tstg —40to +125 °C

Note Make sure that the following conditions of the Vrr voltage application timing are satisfied when the flash

memory is written.

* When supply voltage rises
Vpp must exceed Vob 10 us or more after Vop has reached the lower-limit value (1.8 V) of the operating
voltage range (see a in the figure below).

¢ When supply voltage drops
Vob must be lowered 10 us or more after Vep falls below the lower-limit value (1.8 V) of the operating
voltage range of Vop (see b in the figure below).

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for
any parameter. That is, the absolute maximum ratings are rated values at which the product is
on the verge of suffering physical damage, and therefore the product must be used under
conditions that ensure that the absolute maximum ratings are not exceeded.

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port
pins.
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (4PD78F9177A, 78F9177AY, 78F9177A(A), 78F9177AY(A))

Main System Clock Oscillator Characteristics (Ta = —40 to +85°C, Vop = 1.8 to 5.5 V)

Resonator | Recommended Circuit Parameter Conditions MIN. | TYP. | MAX. [ Unit
Note 1
Ceramic Oscillation frequency (fx) o Voo =4.5t05.5V 1.0 10.0 | MHz
resonator
[Vsso X1 x2 Voo =3.0105.5V 1.0 6.0 | MHz
| Ok Voo = 1.810 5.5V 1.0 50 | MHz
|Cc1z C2 = Note 2
uéfj Oscillation stabilization time After Voo reaches 4 ms
77T
oscillation voltage range
MIN.
. . Note 1
Crystal Oscillation frequency (fx) Voo =4.5t05.5V 1.0 10.0 | MHz
Vsso X1 X2
resonator l— ‘ Voo =3.0t05.5V 1.0 60 | MHz
! [ ; Voo=1.8105.5V 1.0 50 | MHz
1| C1z C2 =, Y
bi ote
‘7;7: — - Oscillation stabilization time Voo =4.5t05.5V 10 ms
Voo =1.8t0 5.5V 30 ms
. Note 1
External X1 X2 X1 input frequency (fx) Voo=4.5t055V 1.0 10.0 | MHz
clock Vop=3.0t05.5V 1.0 6.0 | MHz
Voo=1.8t05.5V 1.0 5.0 MHz
X1 input high-/low-level width Vop=451t055V 45 500 ns
(b, tx) Vop=3.0t05.5V 75 500 | ns
Voo=1.8t05.5V 85 500 ns

Note 1
)

X1 input frequency (fx Vop=2.7t055V 1.0 5.0 | MHz
X1 X2
g X1 input high-/low-level width Vop=2.71055V 85 500 ns
OPEN
(txH, tx)

Notes 1. Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.
2. Time required to stabilize oscillation after reset or STOP mode release. Use a resonator that stabilizes
oscillation within the oscillation wait time.

Cautions 1. When using the main system clock oscillator, wire as follows in the area enclosed by the
broken lines in the above figures to avoid an adverse effect from wiring capacitance.

o Keep the wiring length as short as possible.

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

¢ Do not route the wiring near a signal line through which a high fluctuating current flows.
* Always make the ground point of the oscillator capacitor the same potential as Vsso.

* Do not ground the capacitor to a ground pattern through which a high current flows.

¢ Do not fetch signals from the oscillator.

2. When the main system clock is stopped and the device is operating on the subsystem clock,

wait until the oscillation stabilization time has been secured by the program before
switching back to the main system clock.
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (4PD78F9177A, 78F9177AY, 78F9177A(A), 78F9177AY(A))

Recommended Oscillator Constant (4PD78F9177A and 78F9177AY)

Ceramic resonator (Ta = —40 to +85°C)

Manufacturer Part Number Frequency| Recommended Circuit Oscillation Voltage Remarks
(MHz) Constant (pF) Range (Vop)
C1 Cc2 MIN. MAX.
Murata Mfg. Co., Ltd.| CSBLA1M00J58-BO 1.000 150 150 24 5.5 Without on-chip
(Standard type) CSBFB1M00J58-R1 capacitor
CSTCC2M00G56-R0 2.000 - - 1.8 5.5 With on-chip
CSTLS2M00G56-B0 capacitor
CSTCR4M00G53-R0 4.000
CSTLS4M00G53-B0 1.9 5.5
CSTCR4M19G53-R0 4.195 1.8 5.5
CSTLS4M19G53-B0 1.9 5.5
CSTCR4M91G53-R0 4.915
CSTLS4M91G53-B0 2.1 5.5
CSTCR5M00G53-R0 5.000 1.9 5.5
CSTLS5M00G53-B0 2.1 5.5
CSTCR6M00G53-R0 6.000 1.9 5.5
CSTLS6M00G53-B0 2.1 5.5
CSTCE8M00G52-R0 8.000 1.8 5.5
CSTLS8M00G53-B0 2.0 5.5
CSTCE8M38G52-R0 8.388 1.8 5.5
CSTLS8M38G53-B0 2.0 5.5
CSTCE10M0G52-R0 10.000
CSTLS10M0G53-BO 22 5.5
Murata Mfg. Co., Ltd.| CSTLS4M00G53093-B0 4.000 - - 1.8 5.5 With on-chip
(Low-voltage  drive [CSTLS4M19G53093-B0 4195 capacitor
type) CSTCR4M91G53093-R0 4.915
CSTLS4M91G53U-B0
CSTCR5M00G53093-R0 5.000
CSTLS5M00G53U-B0
CSTCR6M00G53093-R0 6.000
CSTLS6M00G53U-B0
CSTLS8M00G53U-B0 8.000
CSTLS8M38G53U-B0 8.388
CSTLS10M0G53U-B0 10.000

Caution The oscillator constant is a reference value based on evaluation in specific environments by
the resonator manufacturer. If the oscillator characteristics need to be optimized in the actual

application, request the resonator manufacturer for evaluation on the implementation circuit.

Note that the oscillation voltage and oscillation frequency merely indicate the characteristics of
Use the internal operation conditions of the yPD78F9177A and 78F9177AY
within the specifications of the DC and AC characteristics.

the oscillator.
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (4PD78F9177A, 78F9177AY, 78F9177A(A), 78F9177AY(A))

Recommended Oscillator Constant (4uPD78F9177A(A) and 78F9177AY(A))

Ceramic resonator (Ta = —40 to +85°C)

Manufacturer Part Number Frequency | Recommended Circuit Oscillation Voltage Remarks
(MHz) Constant (pF) Range (Vop)
C1 c2 MIN. MAX.
Murata Mfg. Co., Ltd.| CSTCC2M00G56A-R0 2.000 - - 1.8 5.5 With on-chip
(Standard type) CSTCR4M00G53A-R0 4.000 capacitor
CSTCR4M19G53A-R0 4.195
CSTCR4M91G53A-R0 4.915 1.9 55
CSTCR5M00G53A-R0 5.000
CSTCR6MO00G53A-R0 6.000
CSTCE8MO00G52A-R0 8.000 1.8 55
CSTCE8M38G52A-R0 8.388
CSTCE10M0G52A-R0 10.000 2.0 55
Murata Mfg. Co., Ltd.| CSTCR4M91G53A093-R0 4.915 - - 1.8 55 With on-chip
(Low-voltage drive | CSTCR5M00G53A093-R0 5.000 capacitor
type) CSTCR6M00G53A093-R0 6.000

Caution The oscillator constant is a reference value based on evaluation in specific environments by
the resonator manufacturer. If the oscillator characteristics need to be optimized in the actual
application, request the resonator manufacturer for evaluation on the implementation circuit.
Note that the oscillation voltage and oscillation frequency merely indicate the characteristics of
the oscillator. Use the internal operation conditions of the #PD78F9177A(A) and 78F9177AY(A)
within the specifications of the DC and AC characteristics.

390 User's Manual U14186EJ6VOUD



CHAPTER 27 ELECTRICAL SPECIFICATIONS (4PD78F9177A, 78F9177AY, 78F9177A(A), 78F9177AY(A))

Subsystem Clock Oscillator Characteristics (Ta = —40 to +85°C, Voo = 1.8 to 5.5 V)

(txTh, txTL)

Resonator | Recommended Circuit Parameter Conditions MIN. | TYP. | MAX. | Unit
Note 1
Crystal Ilsso XT1 XT2 Oscillation frequency (fxr) ote 32 [32.768| 35 kHz
resonator | ;
| OFs
. |C3 c4 | Oscillation stabilization timeNme 2 Voop=4.5t05.5V 1.2 2 s
77 Voo=1.8105.5V 10 s
. Note 1
External XT1 XT2 XT1 input frequency (fxt) 32 35 kHz
clock
XT1 input high-/low-level width 14.3 15.6 us

Notes 1. Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.
2. Time required to stabilize oscillation after reset or STOP mode release. Use a resonator that stabilizes

oscillation within the oscillation stabilization wait time.

Cautions 1. When using the subsystem clock oscillator, wire as follows in the area enclosed by the
broken lines in the above figures to avoid an adverse effect from wiring capacitance.

o Keep the wiring length as short as possible.

¢ Do not cross the wiring with the other signal lines.
¢ Do not route the wiring near a signal line through which a high fluctuating current flows.

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

¢ Do not fetch signals from the oscillator.

2. The subsystem clock oscillator is designed as a low-amplitude circuit for reducing current
consumption, and is more prone to malfunction due to noise than the main system clock
oscillator. Particular care is therefore required with the wiring method when the subsystem

clock is used.

Remark For the resonator selection and oscillator constant, customers are requested to either evaluate the

oscillation themselves or apply to the resonator manufacturer for evaluation.
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (4PD78F9177A, 78F9177AY, 78F9177A(A), 78F9177AY(A))

DC Characteristics (Ta = —40 to +85°C, Vop = 1.8 to 5.5 V) (1/2)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output current, lon Per pin uPD78F9177A, uPD78F9177AY -1 mA
high Total for all pins -15 mA

Per pin uPD78F9177A(A), —1 mA
Total for all pins | 4PD78F9177AY(A) -11 mA
Output current, low loL Per pin uPD78F9177A, uPD78F9177AY 10 mA
Total for all pins 80 mA
Per pin uPD78F9177A(A), 3 mA
Total for all pins | 4PD78F9177AY(A) 60 mA
Input voltage, high Vi1 P00 to P05, P10, |Vop=2.7t05.5V 0.7Vob Vob \'
P11,P60 to P67 Voo=1.8t055V 0.9Vop Vop \'
ViH2 P50 to P53 Voo =2.7t055V 0.7Vop 12 \'
Voo=1.8t055V 0.9Vop 12 \'
Vinaz RESET, Voo=27t0 5.5V 0.8Vop Vbb \Y
P20 to P26, P30 |Vop=1.8t05.5V 0.9Vop Voo %
to P33
ViHa X1, X2, XT1, XT2 |Voo=4.5t05.5V Voo — 0.5 Vob \
Voo=1.8t055V Vopo — 0.1 Vop \'
Input voltage, low Vit P00 to P05, P10, |Vop=2.7t05.5V 0 0.3Vop V
P11,P60to P67 |Vop=1.8t055V 0 0.1Voo v
Vie P50 to P53 Voo =2.7t05.5V 0 0.3Vop \'
Voo=1.8t055V 0 0.1Vop \'
Vi RESET,P20 to Vob=271t055V 0 0.2Vop \'
P26, P30to P33 |Vpp=1.8t055V 0 0.1Voo v
ViLa X1, X2, XT1, XT2 |Voo=4.5t05.5V 0 0.4 Vv
Voo =1.8t05.5V 0 0.1 Vv
Output voltage, Vo Pins other than Voo =4.5t05.5V, lon=-1 mA Voo - 1.0 Vv
high ﬁﬁg' P24,P50t0 |Vop=1.8t05.5V, lon=-100 #zA | Voo -0.5 v
Output voltage, low Vot Pins other than Voo =4.5t05.5V, lo.=10 mA 1.0 \Y
P50 to P53 (uPD78F9177A, uPD78F9177AY)
Voo =4.5t05.5V, lo.=3mA
(1PD78F9177(A), 1PD78FI177AY(A))
Voo =1.8t05.5V, loL = 400 pA 0.5 Vv
VoLz2 P50 to P53 Voo =4.5t05.5V, lo.=10 mA 1.0 \'
(uPD78F9177A, uPD78F9177AY)
Voo =4.5t05.5V, lo.=3mA
(PD78F9177(A), 1PD78FI177AY(A))
Voo=1.8t05.5V, lo.=1.6 mA 0.4 \'
Input leakage ILimt Vi = Vbp Pins other than P50 to P53 (N-ch 3 HA
current, high open drain), X1, X2, XT1, and XT2
ILiH2 X1, X2, XT1, XT2 20 UA
ILiH3 Vi=12V P50 to P53 (N-ch open drain) 20 LA
Input leakage It Vi=0V Pins other than P50 to P53 (N-ch -3 LA
current, low open drain), X1, X2, XT1, and
XT2
lLie X1, X2, XT1, XT2 -20 UA
s P50 to P53 (N-ch open drain) 3" HA
Output leakage ILon Vo = Voo 3 HA
current, high
Output leakage lou Vo=0V -3 HA
current, low
Software pull-up R1 Vi =0V, for pins other than P23, P24, and P50 to 50 100 200 kQ
resistor P53

Note A low-level input leakage current of -60 xA (MAX.) flows only during the 1-cycle time after a read
instruction is executed to P50 to P53 and P50 to P53 are set to input mode. At times other than this, -3 yA
(MAX.) current flows.

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port
pins.
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (4PD78F9177A, 78F9177AY, 78F9177A(A), 78F9177AY(A))

DC Characteristics (Ta = —40 to +85°C, Vop = 1.8 to 5.5 V) (2/2)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Power supply oo 2 1| 10.0 MHz crystal oscillation | ypp —5.0v + 10% ¢ 4 10.0 20.0 mA
current operating mode

6.0 MHz crystal oscillation | vop = 5.0 v + 10% ¢ ¢ 6.0 12.0 mA
operating mode
5.0 MHz crystal oscillation | vop = 5.0V + 10% ¢ ¢ 5.0 10.0 mA
operating mode Nole 5
(C1 = C2 = 22 pF) VoD=30V£10% 12 2.5 mA
VoD =20V £10% 1.0 2.0 mA
Note 1 : : Note 4
lob2 10.0 MHz crystal oscillation | ypp = 5.0 v + 10% 1.2 6.0 mA
HALT mode
6.0 MHz crystal oscillation | vop = 5.0V + 10% ¢ ¢ 0.9 2.8 mA
HALT mode
5.0 MHz crystal oscillation | vep < 5.0 v+ 10% ¢ * 0.8 25 mA
HALT mode
Note 5
(C1 = C2 = 22 pF) VoD=30V£10% 0.4 2.0 mA
VoD =20V E10% 0.25 1.5 mA
loos ¢ 1| 32.768 kHz crystal VoD = 5.0 V £ 10% 100 320 LA
ceclaten perat Voo - 30V £ 10% g0 | 200 | s
Vob=2.0V+10% 65 210 A
(C3 = C4 = 22 pF, . #
R = 220 kQ)
lopa O 1| 32.768 kHz crystal Voo =5.0 V +10% 18 120 LA
Note 3
oscillation HALT mode o Vob = 3.0V +10% 5.0 50 LA
(C3 = C4 = 22 pF, Voo = 2.0V £ 10% 2.5 30 LA
R = 220 kQ)
Ioos ¢ 1| 32.768 kHz crystal stop Vop =5.0 V £ 10% 0.1 30 LA
STOP mode VoD = 3.0V £ 10% 0.05 10 LA
Vop =2.0 V£ 10% 0.05 10 HA
1oos ¢ 2| 10.0 MHz crystal oscillation | yvpp = 5.0V + 10% ¢ * 10.8 22.0 mA
A/D operating mode
6.0 MHz crystal oscillation | vop = 5.0V + 10% ¢ ¢ 6.8 14.0 mA
A/D operating mode
5.0 MHz crystal oscillation | yop =50+ 100 ¢ ¢ 5.8 12.0 mA
A/D operating mode Noto 5
(C1=C2=22pF) Voo=30V+10% 2.0 4.5 mA
Vo =20V 10% 1.8 4.0 mA

Notes 1. The AVrRerON (ADCSO (bit 7 of ADMO; A/D converter mode register 0) = 1), AVop, and the port current

(including the current flowing through the internal pull-up resistors) are not included.

2. The AVrerON (ADCSO =1) and port current (including the current flowing through the internal pull-up
resistors) are not included. Refer to the A/D converter characteristics for the current flowing through
AVREF.

3. When the main system clock is stopped.

4. During high-speed mode operation (when the processor clock control register (PCC) is set to 00H.)

5. During low-speed mode operation (when PCC is set to 02H)

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port
pins.
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (4PD78F9177A, 78F9177AY, 78F9177A(A), 78F9177AY(A))

AC Characteristics

(1) Basic operation (Ta = —40 to +85°C, Vop = 1.8 to 5.5 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Cycle time Tey Operation based on the Voo =4.5t055V 0.2 8 us
(minimum instruction main system clock Voo = 3.010 5.5 V 0.333 8 s
execution time)

Vob=2.7t055V 0.4 8 us
Voo=1.8t055V 1.6 8 Us
Operation based on the subsystem clock 114 122 125 Us
TI80 and TI81 input fn Voo =2.7t05.5V 0 4 MHz
frequency Voo =1.8t05.5V 0 275 kHz
TI80 and TI81 input trm, trie [ Voo =2.7105.5V 0.1 us
high-/low-level width Voo = 1.810 5.5 V 18 s
Interrupt input high- | tinth, tinte | INTPO to INTP3 10 Us
/low-level width
RESET input low- trRsL 10 us
level width
CPT90 input high- tcpH, 10 us
/low-level width tepL

Tcy vs. Vob (main system clock)

60
10
0
=
,E’ Operation
o guaranteed range
E
S 10 \
\
\
\
0.4 \\
0.1

1 2 3 4 5 6
Supply voltage Voo [V]
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (4PD78F9177A, 78F9177AY, 78F9177A(A), 78F9177AY(A))

(2) Serial interface SI020 (Ta =—40 to +85°C, Vbp = 1.8 to 5.5 V)

(a) 3-wire serial /O mode (SCK20...Internal clock)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK20 cycle time tevi  |Voo=2.7t05.5V 800 ns
Vob=1.8t055V 3200 ns

SCK20 high-/low- tkH1, tker [ Voo =2.7t05.5V tkey1/2 — 50 ns
level width Voo = 1.8105.5V fkovt/2 — 150 ns
SI20 setup time tsiki Vob=2.7t05.5V 150 ns
(to SCK20 1) Voo =1.8t055V 500 ns
SI120 hold time tksit Voo =2.7t05.5V 400 ns
(from SCK20 T) Voo = 1.8105.5V 600 ns
S0O20 output delay tkso1 R=1kQ, Vop=2.7t05.5V 0 250 ns
time from SCK20! C=100pF Voo = 1.8105.5V 0 1000 ns

Note R and C are the load resistance and load capacitance of the SO20 output line.
(b) 3-wire serial /O mode (SCK20...External clock)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK20 cycle time tkevz Voo =2.7t05.5V 900 ns
Voo=1.8t055V 3500 ns

SCK20 high-/low- tkH2, tkez [ Voo =2.7t05.5V 400 ns
level width Voo=1.81t055V 1600 ns
SI20 setup time tsike Vop=2.7t05.5V 100 ns
(to SCK20T) Voo = 1.810 5.5V 150 ns
SI20 hold time tksi2 Vob=2.7t05.5V 400 ns
(from SCK20 T) Voo=1.8105.5V 600 ns
S0O20 output delay tkso2 R=1kQ, Vop=2.7t05.5V 0 300 ns
time from SCK20 | C=100pF"* Voo = 1.8105.5V 0 1000 ns
S020 setup time tkas2 Voo =2.7t05.5V 120 ns
:(‘;Vg‘fs%sl’)‘g 5820, Voo =1.8105.5V 400 ns
S0O20 disable time tkos2 Voo=2.7t055V 240 ns
2’2:?%‘%8820' Voo=1.8105.5V 800 ns

Note R and C are the load resistance and load capacitance of the SO20 output line.
(c) UART mode (dedicated baud rate generator output)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate Vop=2.7t055V 78125 bps
Vob=1.8t055V 19531 bps
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (4PD78F9177A, 78F9177AY, 78F9177A(A), 78F9177AY(A))

(d) UART mode (external clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
ASCK20 cycle tkeys Voo =27t055V 900 ns
time Voo =1.8105.5V 3500 ns
ASCK20 high-/low- | tkns, tkis | Voo =2.7105.5V 400 ns
level width Voo =1.8105.5V 1600 ns
Transfer rate Voo =2.7t0 5.5V 39063 bps

Voo=1.8t05.5V 9766 bps
ASCK20 rise time, tr, tr 1 us
fall time
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (4PD78F9177A, 78F9177AY, 78F9177A(A), 78F9177AY(A))

(3) Serial interface SMBO (Ta =-40 to +85°C, VpbD = 1.8 to 5.5 V) (uPD78F9177AY, 78F9177AY(A) only)

(a) DC characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high ViH SCLO, SDAO (at hysteresis) 0.8Vop Voo \Y
Input voltage, low Vi SCLO, SDAO (at hysteresis) 0 0.2Vop \Y
Output voltage, low VoL SCLO, SDAO |Voo=4.5t05.5V, lo.=10 mA 1.0 \

Voo =1.8105.5V, lo. = 400 z A 0.5 v
Input leakage Ium SCLO, SDAO | Vi= Voo 3 HA
current, high
Input leakage ([ SCLO, SDAO |Vi=0V -3 UA
current, low
(b) DC characteristics (when using comparator)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Input range Vspa, Voo =1.8t055V 0 5.5 \Y
VscL

Transfer level Vispa, 45<Vopb<55V 0.72Visvs Visms 1.28Vismvs \Y

VisoL 3.3<Vop<4.5V 0.78Visvs Visms 1.22Visve \Y

2.7<Vop <33V 0.75Visvs Visve 1.25Visve \%

1.8<Vop <27V 0.90Visms Visvs 1.45Visve \

Input level Visve | LVLO1,LVLOO=0, 1 0.25% Voo \

threshold value"™* LVLO1, LVLOO = 1,0 0375x Vo v

LVLO1, LVLOO =1, 1 0.5 x Voo \Y

Note Visms is an input level threshold value selected by bits LVLOO and LVLO1 (bits 0 and 1 of SMB input level
setting register 0 (SMBVI0)).
According to the SMB standard (V1.1), the maximum value of low-level input voltage is 0.8 V, and the
minimum value of high-level input voltage, 2.1 V. To satisfy these conditions, set LVLO1 and LVLOO as

follows;

e When Vop =1.8t0 3.3 V: LVLO1, LVLOO =1, 1 (0.5 x Vbb)
e When Vop = 3.3t04.5V: LVLO1, LVLOO =1, 0 (0.375 x Vbb)
e When Vob =4.5t05.5V: LVLO1, LVLOO =0, 1 (0.25 x Vbp)

“LVLO1, LVLOO = 0, 0” is not available since this setting does not satisfy the SMB standard (V1.1).

User’'s Manual U14186EJ6VOUD

397




CHAPTER 27 ELECTRICAL SPECIFICATIONS (4PD78F9177A, 78F9177AY, 78F9177A(A), 78F9177AY(A))

(c) AC characteristics

SMB Mode Standard Mode I°C | High-speed Mode I°C
Parameter Symbol Bus Bus Unit
MIN. MAX. MIN. MAX. MIN. MAX.

SCLO clock frequency fork 10 100 0 100 0 400 kHz
Bus free time tBuF 4.7 - 4.7 - 1.3 - Us
(between stop and start condition)
Hold time ¢! tHpsTA 4.0 - 4.0 - 0.6 - us
Start/restart condition setup time tsu:sTa 4.7 - 4.7 - 0.6 - us
Stop condition setup time tsu:sto 4.0 - 4.0 - 0.6 - Us
Data hold | When using CBUS- tHD:DAT - - 5 - - - us
time compatible master

When using SMB/IIC 300 - ghete 2 - 02 | 9o00M"3 | ns

bus
Data setup time tsu:DAT 250 - 250 - 1007t - ns
SCLO clock low-level width tow 4.7 - 4.7 - 1.3 - us
SCLO clock high-level width tHiGH 4.0 50 4.0 - 0.6 - Us
SCLO and SDAO signal fall time tF - 300 - 300 - 300 ns
SCLO and SDAO signal rise time tr - 1000 - 1000 - 300 ns
Spike pulse width controlled by tsp - - - - 0 50 ns
input filter
Timeout trimeout 25 35 - - - - ms
Total extended time of SCLO clock | tLow:sext - 25 - - - - ms
low-level period (slave)
Total extended time of cumulative tLow:mExT - 10 - - - - ms
clock low-level period (master)
Capacitive load per each bus line Cb - - - 400 - 400 pF

Notes 1. In the start condition, the first clock pulse is generated after this hold time.
2. To fill in the undefined area of the SCLO falling edge, it is necessary for the device to internally
provide at least 300 ns of hold time for the SDAO signal (which is Viimin. of the SCLO signal).
3. If the device does not extend the SCLO signal low hold time (ttow), only maximum data hold time
tHD:DAT needs to be fulfilled.
4. The high-speed mode I°C bus is available in the SMB mode and the standard mode I°C bus system.
At this time, the conditions described below must be satisfied.
o If the device extends the SCLO signal low state hold time
tsupat> 250 ns
¢ [f the device extends the SCLO signal low state hold time
Be sure to transmit the next data bit to the SDAO line before the SCLO line is released (tRmax.+
tsu:paT = 1000 + 250 = 1250 ns by the SMB mode or the standard mode I’C bus specification).

398 User's Manual U14186EJ6VOUD



CHAPTER 27 ELECTRICAL SPECIFICATIONS (4PD78F9177A, 78F9177AY, 78F9177A(A), 78F9177AY(A))

AC Timing Measurement Points (Excluding X1 and XT1 Inputs)

0.8 Vop
0.2 Vop

> Point of

measurement

—

X

Clock Timing

1/fx

X1 input \

txu

txH

Vina (MIN.)
Vies (MAX.)

1/fxr

XT1 input \

txTL

txTH

Tl Timing

Vina (MIN.)
Viea (MAX.)

1/fri

TI80, TI81 \

.
LTIC

tTH
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (4PD78F9177A, 78F9177AY, 78F9177A(A), 78F9177AY(A))

Interrupt Input Timing

tinTL tiNTH

INTPO to INTP3

RESET Input Timing

tRsL

RESET

CPT90 Input Timing

terL tepH

CPT90
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (4PD78F9177A, 78F9177AY, 78F9177A(A), 78F9177AY(A))

Serial Transfer Timing

3-wire serial I/0 mode:

SCK20

Sl20

S020

Remark m=1,2

3-wire serial /0 mode (when using SS20):

UART mode (external clock input):

tkeym

tkim

tKkHm

\ /
\
tsikm tksim |
Input data
tksom
Qutput data ><
Y
¢
tkas2 tkps2
Y
/ « )
S020 —]( Outpqudata X 7[—
tkeys
ks tkHs
tr tr
/ \
ASCK20 \ / \
\ / N
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402

tow

1
'
'
—
ps)

JL

tHD:DAT

tHD:STA

tHigH

tsu:pAT

tr

v

tHD:sTA

e R e B

Stop condition

Start condition

tsp

/X

\

Restart condition
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (4PD78F9177A, 78F9177AY, 78F9177A(A), 78F9177AY(A))

10-Bit A/D Converter Characteristics (Ta = —40 to +85°C, 1.8 < AVrRer < AVbb=Vbp<5.5V, AVss =Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution 10 10 10 bit
Overall error 45V <AVrer < AVop < 5.5 V +0.2 +0.4 %FSR

2.7V <AVrer <AV <55V 0.4 +0.6 %FSR
1.8V<AVrRer <AVoD <55V +0.8 +1.2 %FSR
Conversion time tconv 45V <AVrer <AVop <55V 12 100 us
2.7V <AVrer <AV <55V 14 100 Us
1.8V <AVRer <AV <55V 28 100 us
Zero-scale error o€ 4.5V < AVrer < AVoo < 5.5 V +0.4 %FSR
2.7V <AVrer <AVop <55V +0.6 %FSR
1.8V <AVRer <AV <55V +1.2 %FSR
Full-scale error ' 4.5V < AVrer < AVop < 5.5 V +0.4 %FSR
2.7V <AVrer <AVoD <55V +0.6 %FSR
1.8 V<AVRer <AVoD <55V +1.2 %FSR
Integral linearity INL 45V <AVrer < AVop < 5.5V 125 LSB
errorNote 2.7V <AVrer <AVoD <55V 4.5 LSB
1.8 V<AVRer <AVoD <55V 18.5 LSB
Differential linearity DNL [4.5V<AVRer<AVoD<55V +1.5 LSB
error 2.7V < AVrer < AVop < 5.5V 2.0 LSB
1.8V <AVrRer <AVoD <55V 3.5 LSB
Analog input voltage Vian 0 AVrRer \
Reference voltage AVRrer 1.8 AVob \%
Resistance between RapRer 20 40 kQ
AVrerand AVss
Note Excludes quantization error (£0.05%FSR).
Remark FSR: Full scale range
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (4PD78F9177A, 78F9177AY, 78F9177A(A), 78F9177AY(A))

Flash Memory Write/Erase Characteristics (Ta = 10 to 40°C, Voo = 1.8 t0 5.5 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Write current Ioow When Vep supply voltage = Vee1 23 mA
(Voo pin)NOteI (5.0 MHz operation)
Write current IPPw When Ver supply voltage = Vee1 20 mA
(Vee pin)
Erase current Iope When Ver supply voltage = Veei 23 mA
(Voo pin)Nom (5.0 MHz operation)
Erase current IpPE When Ver supply voltage = Ver1 100 mA
(Vee pin)
Unit erase timeNote 2 ter 0.2 0.2 0.2 S
Total erase time tera 20 S
Write count™*®® Erase/write is regarded as 1 cycle 20 20 20 Times
Vee supply voltage Vero In normal operation 0 0.2Vop \

Vpp1 During flash memory programming 9.7 10.0 10.3 Vv

Notes 1. The current flowing to the ports (including the current flowing through an on-chip pull-up resistor) and
AVbpp current are not included.
2. The prewrite time before erasure and the erase verify time (writeback time) is not included.
3. When a product is first written after shipment, “erase — write” is taken as one rewrite.

Data Memory STOP Mode Low Power Supply Voltage Data Retention Characteristics (Ta = —40 to +85°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Data retention power VoobR 1.8 55 \Y
supply voltage
Release signal set time tsREL 0 us
Oscillation stabilization twarr Release by RESET 2%/fx S
wait time"*”" Release by interrupt request Note 2 S

Notes 1. The oscillation stabilization time is the time the CPU operation is stopped to prevent unstable operation
when oscillation starts.
2. By using bits 0 to 2 (OSTSO0 to OSTS2) of the oscillation stabilization time selection register (OSTS),
2"%/fx, 2"°/fx, or 2"/fx can be selected.

Remark fx: Main system clock oscillation frequency
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (4PD78F9177A, 78F9177AY, 78F9177A(A), 78F9177AY(A))

Data Retention Timing (STOP Mode Release by RESET)

Internal reset operation
! HALT mode

5 STOP mode E - Operating mode

Data retention mode ———

VboDR tsREL

STOP instruction execution

RESET ) \ /{

twarr

Data Retention Timing (Standby Release Signal: STOP Mode Release by Interrupt Signal)

HALT mode
5 STOP mode : Operating mode
Data retention mode ——
Vop
VooDR tsmrEL
STOP instruction execution
) /
Standby release signal
(interrupt request)
twair
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (4PD78F9177, 78F9177Y)

Absolute Maximum Ratings (Ta = 25°C)

Parameter Symbol Conditions Ratings Unit

Supply voltage Vob AVop - 0.3V <Vop <AVop + 0.3V -0.3t0 +6.5 \Y

AVop AVrer < AVop+ 0.3V Vv

AVRer AVRer < Voo + 0.3V \Yj

Vep Note -0.3t0 +10.5 \

Input voltage Vi Pins other than P50 to P53, P23, P24 -0.3to Voo + 0.3 \

Vi P23, P24 -0.3to +5.5 \

Vis P50 to P53 -0.3to +13 \Y

Output voltage Vo —0.3to Voo + 0.3 Vv
Output current, high lon Per pin -10 mA
Total for all pins -30 mA

Output current, low lou Per pin 30 mA
Total for all pins 160 mA

Operating ambient temperature Ta In normal operation mode —40 to +85 °C
During flash memory programming +10 to +40 °C

Storage temperature Tstg —40to +125 °C

Note Make sure that the following conditions of the Vrp voltage application timing are satisfied when the flash

memory is written.

¢ When supply voltage rises
Vpp must exceed Vob 10 us or more after Vop has reached the lower-limit value (1.8 V) of the operating
voltage range (see a in the figure below).
¢ When supply voltage drops
Vbb must be lowered 10 us or more after Vpp falls below the lower-limit value (1.8 V) of the operating
voltage range of Vop (see b in the figure below).

ov

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for
any parameter. That is, the absolute maximum ratings are rated values at which the product is
on the verge of suffering physical damage, and therefore the product must be used under
conditions that ensure that the absolute maximum ratings are not exceeded.

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port
pins.
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (¢PD78F9177, 78F9177Y)

Main System Clock Oscillator Characteristics (Ta = —-40 to +85°C, Vop = 1.8 to 5.5 V)

Resonator | Recommended Circuit Parameter Conditions MIN. | TYP. | MAX. | Unit
. . . Note 1 . .
Ceramic Oscillation frequency (fx) Vop = oscillation 1.0 5.0 | MHz
[Vsso X1 X2

resonator ‘ ‘ voltage range

: I:l ! L o . Note2

lC1= C2 =, Oscillation stabilization time After Voo reaches 4 ms

! .E I —_—

e e oscillation voltage

77T

range MIN.
. . Note 1

Crystal L\_/SSO X1 X2 Oscillation frequency (fx) 1.0 5.0 | MHz
resonator ! |

: C1 CI:;|2 : . . . . . Note 2

Jod Eﬁ K 73-7 J Oscillation stabilization time Voo=4.5t05.5V 10 ms

7 Voo =1.8105.5V 30 | ms

. Note 1
External X1 X2 X1 input frequency (fx) 1.0 5.0 | MHz
clock
X1 input high-/low-level width 85 500 ns
(txH, tx)
Note 1
)

X1 input frequency (fx Voo =2.7t05.5V 1.0 5.0 | MHz
X1 X2
X1 input high-/low-level width Voo =2.7105.5V 85 500 ns
OPEN
(txn, tx)

Notes 1. Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.
2. Time required to stabilize oscillation after reset or STOP mode release. Use a resonator that stabilizes

oscillation within the oscillation wait time.

Cautions 1. When using the main system clock oscillator, wire as follows in the area enclosed by the

broken lines in the above figures to avoid an adverse effect from wiring capacitance.

o Keep the wiring length as short as possible.

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

« Do not route the wiring near a signal line through which a high fluctuating current flows.
¢ Always make the ground point of the oscillator capacitor the same potential as Vsso.

* Do not ground the capacitor to a ground pattern through which a high current flows.

¢ Do not fetch signals from the oscillator.

2. When the main system clock is stopped and the device is operating on the subsystem clock,
wait until the oscillation stabilization time has been secured by the program before
switching back to the main system clock.

Remark For the resonator selection and oscillator constant, customers are requested to either evaluate the

oscillation themselves or apply to the resonator manufacturer for evaluation.
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (¢PD78F9177, 78F9177Y)

Subsystem Clock Oscillator Characteristics (Ta = —40 to +85°C, Voo = 1.8 to 5.5 V)

Resonator | Recommended Circuit Parameter Conditions MIN. [ TYP. | MAX. | Unit
Note 1
Crystal |lsszT1 XT2 Oscillation frequency (fxr) ote 32 [32.768| 35 kHz
resonator l ;
| Ok
| [c3= C4=1 | Oscillation stabilization time "> | Voo = 4.5 10 5.5V 12 | 2 s
77 Voo =1.8105.5V 10 s
. Note 1
External XT1 XT2 XT1 input frequency (fxt) 32 35 kHz
clock
XT1 input high-/low-level width 14.3 15.6 us
(txTh, txTL)
Notes 1. Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.

oscillation within the oscillation stabilization wait time.

. Time required to stabilize oscillation after reset or STOP mode release. Use a resonator that stabilizes

Cautions 1. When using the subsystem clock oscillator, wire as follows in the area enclosed by the
broken lines in the above figures to avoid an adverse effect from wiring capacitance.

o Keep the wiring length as short as possible.
¢ Do not cross the wiring with the other signal lines.
¢ Do not route the wiring near a signal line through which a high fluctuating current flows.

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

¢ Do not fetch signals from the oscillator.

2. The subsystem clock oscillator is designed as a low-amplitude circuit for reducing current
consumption, and is more prone to malfunction due to noise than the main system clock
oscillator. Particular care is therefore required with the wiring method when the subsystem

clock is used.

Remark For the resonator selection and oscillator constant, customers are requested to either evaluate the
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (¢PD78F9177, 78F9177Y)

DC Characteristics (Ta = —40 to +85°C, Vop = 1.8 to 5.5 V) (1/2)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output current, loH Per pin 1 mA
high Total for all pins -15 mA
Output current, low lou Per pin 10 mA

Total for all pins 80 mA
Input voltage, high ViH1 P00 to P05, P10, [Vop=2.7105.5V 0.7Vop Vob V
P11,P60to P67 [Vop=1.8t055V 0.9Voo Voo v
ViH2 P50 to P53 Voo =2.7t05.5V 0.7Vob 12 \'
Voo=1.8t05.5V, 0.9Vop 12 \
Ta = 2510 +85°C
Vi3 RESET, Vop=2.7t05.5V 0.8Vop Vop \'
P20 to P26, P30 | vpp=1.8t05.5V 0.9Vop Vop \%
to P33
ViHa X1, X2, XT1, XT2 |Voo=4.5t055V Voo — 0.5 Vbb \Y
Voo=1.8t05.5V Vobo — 0.1 Vob \'
Input voltage, low Vi P00 to P05, P10, [Vop=2.7t05.5V 0 0.3Vop \'
P11,P60to P67 |vop=1.8t05.5V 0 0.1Vop v
Vie P50 to P53 Voo =2.7t05.5V 0 0.3Vop \'
Voo=1.8t05.5V 0 0.1Vop \'
Vs RESET,P20 to Voo =2.7t05.5V 0 0.2Vop \'
P26, P30to P33 |vpop=1.8t05.5V 0 0.1Vop Y
ViLa X1, X2, XT1, XT2 | Voo =4.5t05.5V 0 0.4 \'
Voo =1.8t05.5V 0 0.1 \'
Output voltage, Vo Pins other than Voo =4.5t05.5V, lon = -1 mA Vop — 1.0 Vv
high P23, P24, P50to |Vpp=1.8105.5V, lon=-100 zA | Voo —0.5 v
P53
Output voltage, Vo1 Pins other than Voo =4.5t05.5V, lo. =10 mA 1.0 Vv
low P50 to P53 Vop = 1.8 0 5.5 V, loL = 400 A 0.5 v
VoLz2 P50 to P53 Voo =4.5t05.5V, lo. =10 mA 1.0 \'
Voo =1.8t05.5V, lo. = 1.6 mA 0.4 \'
Input leakage ILiH1 Vi = Vop Pins other than P50 to P53 (N-ch 3 HA
current, high open drain), X1, X2, XT1, and
XT2
ILiH2 X1, X2, XT1, XT2 20 HA
ILiH3 Vi=12V P50 to P53 (N-ch open drain) 20 HA
Input leakage It Vi=0V Pins other than P50 to P53 (N-ch -3 HA
current, low open drain), X1, X2, XT1, and
XT2
ILi X1, X2, XT1, XT2 —20 LA
lLiLs P50 to P53 (N-ch open drain) _Note LA
Output leakage ILon Vo = Vop 3 LA
current, high
Output leakage [T Vo=0V -3 HA
current, low
Software pull-up Ri Vi=0V, for pins other than P23, P24, and P50 to 50 100 200 kQ

resistor

P53

Note A low-level input leakage current of -60 A (MAX.) flows only during the 1-cycle time after a read

instruction is executed to P50 to P53 and P50 to P53 are set to input mode. At times other than this, a -3
LA (MAX.) current flows.

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port

pins.
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (¢PD78F9177, 78F9177Y)

DC Characteristics (Ta = —40 to +85°C, Vop = 1.8 to 5.5 V) (2/2)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Power supply loor 1 [ 5.0 MHz crystal oscillation | vpo = 5.0 v + 10% 0 * 5.0 15.0 mA
current operating mode Nole 5

(C1=C2=22pF) Voo =3.0V+10% 2.0 5.0 mA
VoD =20V £10% 1.5 3.0 mA
Note 1 : : Note 4
lob2 5.0 MHz crystal oscillation | vpp = 5.0V +10% 2.0 6.0 mA
HALT mode Note
(C1=C2 =22 pF) Vop = 3.0 V£ 10% 1.0 2.5 mA
Vop =20V +10% 0 0.75 1.5 mA
1o "0t 1| 32.768 kHz crystal VoD = 5.0 V + 10% 250 750 uA
oscillation operating VoD =3.0V £ 10% 200 600 LA
d
mode Voo = 2.0V £ 10% 150 450 LA
(C3 =C4 =22 pF,
R =220 kQ)
Ioos Ot 1| 32.768 kHz crystal VoD =5.0 V £ 10% 50 150 LA
Note 3
oscillation HALT mode Vob = 3.0V +10% 30 90 LA
(C3 = C4 =22 pF, Vob =2.0V +10% 20 60 LA
R =220 kQ)
lops VO 1| 32.768 kHz crystal stop VoD =5.0 V + 10% 0.1 30 uA
STOP mode Vop = 3.0V + 10% 0.05 10 LA
Vop = 2.0V +10% 0.05 10 UA
1oos ¢ 2| 5.0 MHz crystal oscillation | ypp - 5.0V + 10% ¢ ? 6.0 17.0 mA
A/D operating mode Note 5
(C1 = C2 = 22 pF) Vop = 3.0V £ 10% 3.0 7.0 mA
Vob=2.0V£10% ¢ 0 25 5.0 mA
Notes 1. The AVrerON (ADCSO (bit 7 of ADMO; A/D converter mode register 0) = 1), AVop, and the port current
(including the current flowing through the internal pull-up resistors) are not included.

2. The AVrerON (ADCSO =1) and port current (including the current flowing through the internal pull-up
resistors) are not included. Refer to the A/D converter characteristics for the current flowing through
AVREF.

3. When the main system clock is stopped.

4. During high-speed mode operation (when the processor clock control register (PCC) is set to 00H.)

5. During low-speed mode operation (when PCC is set to 02H)

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port
pins.
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (¢PD78F9177, 78F9177Y)

AC Characteristics

(1) Basic operation (Ta = —40 to +85°C, Vopo = 1.8 to 5.5 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Cycle time Tey Operation based on the Vop=2.7t055V 0.4 8 us
(minimum instruction main system clock Voo = 1.810 5.5 V 16 8 s
execution time)

Operation based on the subsystem clock 114 122 125 us
TI80 and TI81 input fri Vop=2.7t05.5V 0 4 MHz
frequency Voo =1.8105.5V 0 275 kHz
TI80 and TI81 input trn, trie [ Voo =2.7t0 5.5V 0.1 us
high-/low-level width Voo = 1.8t05.5 V 18 s
Interrupt input high- | tinth, tinte | INTPO to INTP3 10 us
/low-level width
RESET input low- tRsL 10 us
level width
CPT90 input high- tcpH, 10 us
/low-level width terL

Tcy vs. Vob (main system clock)

60
10
‘0
X
3 Guaranteed
; operation range
£
o
% 1.0 \\
\
\
0.4 A\
0.1

1 2 3 4 5 6
Supply voltage Voo [V]
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (¢PD78F9177, 78F9177Y)

(2) Serial interface SI020 (Ta =—40 to +85°C, Vbbb = 1.8 to 5.5 V)

(a) 3-wire serial /O mode (SCK20...Internal clock)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK20 cycle time tevi  |Voo=2.7t05.5V 800 ns
Vob=1.8t055V 3200 ns
SCK20 high-/low- tkH1, tker [ Voo =2.7t05.5V tkey1/2 — 50 ns
level width Voo = 1.8105.5V tkoni/2 — 150 ns
SI20 setup time tsiki Vob=2.7t05.5V 150 ns
(to SCK20 1) Voo =1.8t055V 500 ns
SI120 hold time tksit Voo =2.7t05.5V 400 ns
(from SCK20 T) Voo = 1.8105.5V 600 ns
S0O20 output delay tkso1 R=1kQ, Vop=2.7t05.5V 0 250 ns
time from SCK20! C=100pF Voo = 1.8105.5V 0 1000 ns
Note R and C are the load resistance and load capacitance of the SO20 output line.
(b) 3-wire serial I/O mode (SC—KZO...ExternaI clock)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK20 cycle time tkevz Voo =2.7t05.5V 900 ns
Voo=1.8t055V 3500 ns
SCK20 high-/low- tkH2, tkez [ Voo =2.7t05.5V 400 ns
level width Voo=1.81t055V 1600 ns
SI20 setup time tsika Vop=2.7t05.5V 100 ns
(to SCK20T) Voo = 1.810 5.5V 150 ns
SI20 hold time tksi2 Vob=2.7t05.5V 400 ns
(from SCK20 T) Voo=1.8105.5V 600 ns
S0O20 output delay tkso2 R=1kQ, Vop=2.7t05.5V 0 300 ns
time from SCK20 4 C=100pF"* Voo = 1.8105.5V 0 1000 ns
S020 setup time tkas2 Voo =2.7t05.5V 120 ns
:(‘;Vg‘fs%sl’)‘g 5820, Voo =1.8105.5V 400 ns
S0O20 disable time tkos2 Voo=2.7t055V 240 ns
:xr;?%%sszo, Voo=1.8105.5V 800 ns
Note R and C are the load resistance and load capacitance of the SO20 output line.
(c) UART mode (dedicated baud rate generator output)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate Vop=2.7t055V 78125 bps
Vob=1.8t055V 19531 bps
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (¢PD78F9177, 78F9177Y)

(d) UART mode (external clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
ASCK20 cycle tkeys Voo =27t055V 900 ns
time Voo =1.8105.5V 3500 ns
ASCK20 high-/low- | tkns, tkis | Voo =2.7t05.5V 400 ns
level width Voo=1.81055V 1600 ns
Transfer rate Voo =2.7t0 5.5V 39063 bps

Voo=1.8t05.5V 9766 bps
ASCK20 rise time, tr, tr 1 us
fall time
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (¢PD78F9177, 78F9177Y)

(3) Serial interface SMBO (Ta =-40 to +85°C, VbD = 1.8 to 5.5 V) (uPD78F9177Y only)

(a) DC characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high ViH SCLO, SDAO (at hysteresis) 0.8Vop Voo \Y
Input voltage, low Vi SCLO, SDAO (at hysteresis) 0 0.2Vop \Y
Output voltage, VoL SCLO, SDAO |Voo=4.5t05.5V, lo.=10 mA 1.0 \
low Voo = 1.810 5.5 V, low = 400 4 A 05 v
Input leakage Ium SCLO, SDAO | Vi= Voo 3 HA
current, high
Input leakage I SCLO, SDAO |Vi=0V -3 HA
current, low

(b) DC characteristics (when using comparator)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Input range Vspa, Voo=1.8t055V 0 5.5 \Y
VscL

Transfer level Vispa, 45<Vopb<55V 0.72Visvs Visms 1.28Vismvs \Y

VisoL 3.3<Vopb<45V 0.78Visvs Visms 1.22Visvs Vv

27<Vop <33V 0.75Visvs Visms 1.25Visvs \

1.8<Vop <27V 0.90Visms Vismws 1.45Visve \

Input level Visws | LVLO1, LVLOO =0, 1 0.25 x Voo \

threshold value™™* LVLO1, LVLOO = 1, 0 0375x Vo v

LVLOt1, LVLOO =1, 1 0.5 x Vop \Y

Note Visms is an input level threshold value selected by bits LVLOO and LVLO1 (bits 0 and 1 of SMB input level
setting register 0 (SMBVI0)).
According to the SMB standard (V1.1), the maximum value of low-level input voltage is 0.8 V, and the
minimum value of high-level input voltage, 2.1 V. To satisfy these conditions, set LVLO1 and LVLOO as
follows;

e When Vop =1.8t0 3.3 V: LVLO1, LVLOO =1, 1 (0.5 x Vbb)
e When Vop =3.3t04.5V: LVLO1, LVLOO =1, 0 (0.375 x Vbb)
e When Vop =4.5t05.5V: LVLO1, LVLOO =0, 1 (0.25 x Vbp)

“LVLO1, LVLOO = 0, 0” is not available since this setting does not satisfy the SMB standard (V1.1).
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (¢PD78F9177, 78F9177Y)

(c) AC characteristics

SMB Mode Standard Mode I°C | High-speed Mode I°C
Parameter Symbol Bus Bus Unit
MIN. MAX. MIN. MAX. MIN. MAX.

SCLO clock frequency fork 10 100 0 100 0 400 kHz
Bus free time tBuF 4.7 - 4.7 - 1.3 - Us
(between stop and start condition)
Hold time ¢! tHpsTA 4.0 - 4.0 - 0.6 - us
Start/restart condition setup time tsu:sTa 4.7 - 4.7 - 0.6 - us
Stop condition setup time tsu:sto 4.0 - 4.0 - 0.6 - Us
Data hold | When using CBUS- tHD:DAT - - 5 - - - us
time compatible master

When using SMB/IIC 300 - Note 2 - Nete2 1 g9gM3 | ns

bus
Data setup time tsu:DAT 250 - 250 - 100N°te 4 - ns
SCLO clock low-level width tow 4.7 - 4.7 - 1.3 - us
SCLO clock high-level width tHiGH 4.0 50 4.0 - 0.6 - Us
SCLO and SDAO signal fall time tF - 300 - 300 - 300 ns
SCLO and SDAO signal rise time tr - 1000 - 1000 - 300 ns
Spike pulse width controlled by tsp - - - - 0 50 ns
input filter
Timeout trimeout 25 35 - - - - ms
Total extended time of SCLO clock | tLow:sext - 25 - - - - ms
low-level period (slave)
Total extended time of cumulative tLow:mExT - 10 - - - - ms
clock low-level period (master)
Capacitive load per each bus line Cb - - - 400 - 400 pF

Notes 1. In the start condition, the first clock pulse is generated after this hold time.

2. To fill in the undefined area of the SCLO falling edge, it is necessary for the device to internally

provide at least 300 ns of hold time for the SDAO signal (which is Viimin. of the SCLO signal).

3. If the device does not extend the SCLO signal low hold time (tLow), only maximum data hold time

tHD:DAT Needs to be fulfilled.

4. The high-speed mode I°C bus is available in the SMB mode and the standard mode I°C bus system.

At this time, the conditions described below must be satisfied.

e If the device extends the SCLO signal low state hold time
tsupar> 250 ns
¢ [f the device extends the SCLO signal low state hold time

Be sure to transmit the next data bit to the SDAO line before the SCLO line is released (tRmax.+
tsupaT = 1000 + 250 = 1250 ns by the SMB mode or the standard mode I°C bus
specification).
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (¢PD78F9177, 78F9177Y)

AC Timing Measurement Points (Excluding X1 and XT1 Inputs)

0.8 Vop > Point of < 0.8 Vop
0.2 Vop measurement 0.2 Vop

Clock Timing
1/fx
txu txH
Vina (MIN.)
X1 input
N Vies (MAX.)
1/fxt
txTL [ txTH
\ Vina (MIN.)
XT1 input
N Viea (MAX.)
Tl Timing
1/ '

tric tTH

TI80, TI81 \
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Interrupt Input Timing

INTPO to INTP3

RESET Input Timing

RESET

CPT90 Input Timing

CPT90

tiNTL

tRsL

tepL
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (¢PD78F9177, 78F9177Y)

Serial Transfer Timing

3-wire serial I/0 mode:

tkeym

tkim tKkHm

o /
SCK20

tsikm tksim

SI20 Input data

tksom

5020 Output data ><

Remark m=1,2

3-wire serial /O mode (when using SS20):

S$S20
D)
(S
tkas2 tkpsz
S02 l O t h:
_ X S
0 k utpusjdata 7
(S
UART mode (external clock input):
tkcvs
ks tkH3

tr

ASCK20 \ / f \\
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SMB mode:

tsp

tHigH

tHD:DAT

SCLO

Start condition

[A
'
'
'
'
-
g
'
'

tBuF

Stop condition

Restart condition

Stop condition
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (¢PD78F9177, 78F9177Y)

10-Bit A/D Converter Characteristics (Ta = —40 to +85°C, 1.8 < AVrRer < AVbb=Vbp<5.5V, AVss =Vss =0 V)

AVgerand AVss

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution 10 10 10 bit
Overall error > 45V <AVrer < AVpp < 5.5 V +0.2 +0.4 %FSR

2.7V <AVrer <AV <55V 0.4 +0.6 %FSR
1.8 V<AVrRer <AVoD <55V +0.8 +1.2 %FSR
Conversion time tconv 45V <AVrer <AVop <55V 14 100 Us
2.7V<AVrRer <AV <55V 14 100 Us
1.8V <AVRer <AV <55V 28 100 us
Zero-scale error o€ 4.5V < AVrer < AVoo < 5.5 V +0.4 %FSR
2.7V <AVrer <AVop <55V +0.6 %FSR
1.8V <AVRer <AV <55V +1.2 %FSR
Full-scale error ' 4.5V < AVrer < AVop < 5.5 V +0.4 %FSR
2.7V <AVrer <AVoD <55V +0.6 %FSR
1.8 V<AVRer < AVoD <55V +1.2 %FSR
Integral linearity INL 45V <AVrer < AVop < 5.5V 125 LSB
errorNote 2.7V <AVrer <AVoD <55V 4.5 LSB
1.8 V<AVRer <AVoD <55V 18.5 LSB
Differential linearity DNL [4.5V<AVRer<AVop<55V +1.5 LSB
error 2.7V < AVrer < AVop < 5.5V 2.0 LSB
1.8V <AVRer <AVoD <55V 3.5 LSB
Analog input voltage Vian 0 AVrRer \%
Reference voltage AVRrer 1.8 AVob \%
Resistance between RapRer 20 40 kQ

Note Excludes quantization error (£0.05%FSR).

Remark FSR: Full scale range
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (¢PD78F9177, 78F9177Y)

Flash Memory Write/Erase Characteristics (Ta = 10 to 40°C, Voo = 1.8 t0 5.5 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Write current Ioow When Ver supply voltage = Vee1 18 mA
(Voo pin)Nom (5.0 MHz operation)
Write current lpPw When Ver supply voltage = Veei 7.5 mA
(Vee pin)
Erase current looe When Ver supply voltage = Vep1 18 mA
(Voo pin)Note1 (5.0 MHz operation)
Erase current IpPE When Ver supply voltage = Vep1 100 mA
(Ve pin)
Unit erase timeNote 2 ter 0.5 1 1 s
Total erase time tera 20 S
Write count™*®® Erase/write is regarded as 1 cycle 20 20 20 Times
Vee supply voltage Vpro In normal operation 0 0.2Vop \

Vi During flash memory programming 9.7 10.0 10.3 Vv

Notes 1. The current flowing to the ports (including the current flowing through an on-chip pull-up resistor) and

AVop current are not included.

2. The prewrite time before erasure and the erase verify time (writeback time) is not included.

3. When a product is first written after shipment, “erase — write” is taken as one rewrite.

Data Memory STOP Mode Low Power Supply Voltage Data Retention Characteristics (Ta = —40 to +85°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Data retention power VoobR 1.8 55 \Y
supply voltage
Release signal set time tsREL 0 us
Oscillation stabilization twarr Release by RESET 2%/fx S
wait time"*”" Release by interrupt request Note 2 S

Notes 1. The oscillation stabilization time is the time the CPU operation is stopped to prevent unstable operation

when oscillation starts.
2. By using bits 0 to 2 (OSTSO0 to OSTS2) of the oscillation stabilization time selection register (OSTS),
2"%/fx, 2"°/fx, or 2"/fx can be selected.

Remark fx: Main system clock oscillation frequency
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (¢PD78F9177, 78F9177Y)

Data Retention Timing (STOP Mode Release by RESET)

Internal reset operation
! HALT mode

5 STOP mode E - Operating mode

Data retention mode ———

VboDR tsREL

STOP instruction execution

RESET ) \ /{

twarr

Data Retention Timing (Standby Release Signal: STOP Mode Release by Interrupt Signal)

HALT mode
5 STOP mode : Operating mode
Data retention mode ———
Vop
VooDR tsmrEL
STOP instruction execution
. /
Standby release signal
(interrupt request)
twair
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Supply current loo (mA)

CHAPTER 29 CHARACTERISTICS CURVES (¢PD78F9177, 78F9177Y)

10.0

0.5

0.1

0.05

0.01

0.005

0.001

lob vs. Vob (fx = 5.0 MHz, fxt = 32.768 kHz)

(Ta = 25°C)

= Main system clock operating

mode (PCC1 =0, CSS0 = 0)

_— | |

Main system clock operating
L—" mode (PCC1 =1, CSS0 = 0)

Main system clock operation

HALT mode (PCC1 =0, |

CSS0 = 0) |
l

H

Main system clock operation

ALT mode (PCC1=1,CSS0=0) ~ |

AN

N

Subsystem clock operating _|

mode (CSSO = 1, MCC = 1) 1

Subsystem clock operation
HALT mode (CSS0 =1,

MCC =1)
/
/
/ _
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (4PD78F9177A(A1))

Absolute Maximum Ratings (Ta = 25°C)

Parameter Symbol Conditions Ratings Unit

Supply voltage Vob AVop - 0.3V <Vop <AVop + 0.3V -0.3t0 +6.5 \Y

AVop AVrer < AVop+ 0.3V \Y

AVRer AVrer < Vop + 0.3V V

Vep Note -0.3t0 +10.5 \

Input voltage Vit Pins other than P50 to P53, P23, P24 —0.3to Voo + 0.3 \

Vie P23, P24 -0.3t0 +5.5 \Y

Vis P50 to P53 -0.3to +13 \Y

Output voltage Vo —0.3to Voo + 0.3 Vv
Output current, high loH Per pin -4 mA
Total for all pins -14 mA

Output current, low lou Per pin 5 mA
Total for all pins 80 mA

Operating ambient temperature Ta In normal operation mode —-40to +105 °C
During flash memory programming 10 to 40 °C

Storage temperature Tstg —40to +125 °C

Note Make sure that the following conditions of the Vrp voltage application timing are satisfied when the flash

memory is written.

¢ When supply voltage rises

Vpp must exceed Vob 10 us or more after Vop has reached the lower-limit value (4.5 V) of the operating

voltage range (see a in the figure below).

e When supply voltage drops

Vbb must be lowered 10 us or more after Vpp falls below the lower-limit value (4.5 V) of the operating

voltage range of Vop (see b in the figure below).

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for
any parameter. That is, the absolute maximum ratings are rated values at which the product is
on the verge of suffering physical damage, and therefore the product must be used under
conditions that ensure that the absolute maximum ratings are not exceeded.

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port
pins.
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (#PD78F9177A(A1))

Main System Clock Oscillator Characteristics

(Vop =4.5t0 5.5V, Ta =—-40 to +105°C)

Resonator | Recommended Circuit Parameter Conditions MIN. | TYP. | MAX. | Unit
Ceramic Oscillation frequency (fx)"®" Voo = oscillation 1.0 50 | MHz
[ Vsso X1 x2 |
resonator | P 1 voltage range
lc1= co = Oscillation stabilization time"** After Voo reaches 4 ms
! .E I I
e e oscillation voltage
bl
range MIN.
External X1 X2 X1 input frequency (fx)"*" 1.0 5.0 | MHz
clock
X1 input high-/low-level width 85 500 ns
(txH, txo)
X1 input frequency (fx)""" 1.0 5.0 | MHz
X1 X2
X1 input high-/low-level width 85 500 ns

OPEN

(txH, txu)

Notes 1. Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.
2. Time required to stabilize oscillation after reset or STOP mode release. Use a resonator that stabilizes
oscillation within the oscillation wait time.

Cautions 1. When using the main system clock oscillator, wire as follows in the area enclosed by the
broken lines in the above figures to avoid an adverse effect from wiring capacitance.

o Keep the wiring length as short as possible.

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

« Do not route the wiring near a signal line through which a high fluctuating current flows.
« Always make the ground point of the oscillator capacitor the same potential as Vsso.

¢ Do not ground the capacitor to a ground pattern through which a high current flows.

* Do not fetch signals from the oscillator.

2. When the main system clock is stopped and the device is operating on the subsystem clock,
wait until the oscillation stabilization time has been secured by the program before

switching back to the main system clock.

3. For ceramic resonator, use the part number for which the resonator manufacturer
guarantees operation under the condition of Ta = 105°C.

Remark For the resonator selection and oscillator constant, users are requested to either evaluate the oscillation
themselves or apply to the resonator manufacturer for evaluation.
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (#PD78F9177A(A1))

Subsystem Clock Oscillator Characteristics

(Vop =4.5t0 5.5V, Ta =—-40 to +105°C)

Resonator | Recommended Circuit Parameter Conditions MIN. | TYP. | MAX. | Unit
Crystal |lsszT1 XT2 Oscillation frequency (fxr)"®" 32 |32.768| 35 | kHz
resonator | ;
! |
! |
| [C8 G4 Oscillation stabilization time"**? 1.2 2 s
bed
External XT1 XT2 XT1 input frequency (fx)"" 32 35 | kHz
clock
XT1 input high-/low-level width 14.3 15.6 Us
(txtH, txTL)

Notes 1. Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.
2. Time required to stabilize oscillation after reset or STOP mode release. Use a resonator that stabilizes
oscillation within the oscillation wait time.

Cautions 1. When using the subsystem clock oscillator, wire as follows in the area enclosed by the
broken lines in the above figures to avoid an adverse effect from wiring capacitance.

e Keep the wiring length as short as possible.

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

¢ Do not route the wiring near a signal line through which a high fluctuating current flows.
e Always make the ground point of the oscillator capacitor the same potential as Vsso.

¢ Do not ground the capacitor to a ground pattern through which a high current flows.

¢ Do not fetch signals from the oscillator.

2. The subsystem clock oscillator is designed as a low-amplitude circuit for reducing current
consumption, and is more prone to malfunction due to noise than the main system clock
oscillator. Particular care is therefore required with the wiring method when the subsystem
clock is used.

Remark For the resonator selection and oscillator constant, users are requested to either evaluate the oscillation
themselves or apply to the resonator manufacturer for evaluation.
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (#PD78F9177A(A1))

DC Characteristics (Voo = 4.5 to 5.5 V, Ta = —40 to +105°C) (1/3)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output current, lo Per pin -1 mA
high Total for all pins -7 mA
Output current, low lou Per pin 1.6 mA

Total for all pins 40 mA
Input voltage, high ViH1 P00 to P05, P10, P11, P60 to P67 0.7Vop Voo \Y
ViH2 P50 to P53 0.7Voo 10 \'
ViH3 RESET, P20 to P26, P30 to P33 0.8Vop Vob \'
ViHa X1, X2, XT1, XT2 Voo — 0.1 Vbb \
Input voltage, low Vit P00 to P05, P10, P11, P60 to P67 0 0.3Vop \'
Vie P50 to P53 0 0.3Vop \Y
Vis RESET, P20 to P26, P30 to P33 0 0.2Vop \
ViLa X1, X2, XT1, XT2 0 0.1 \
Output voltage, Von Pins other than P23, P24, lon =-1 mA Vop — 2.0 \'
high PS0to P53 lo = —100 zA Voo — 1.0 v
Output voltage, Vo1 Pins other than P50 to P53 lor=1.6 mA 2.0 \Y
low loL = 400 1A 1.0 v
Vorz P50 to P53 lo.=1.6 mA 1.0 \

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port

pins.
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (#PD78F9177A(A1))

DC Characteristics (Voo = 4.5 to 5.5 V, Ta = —40 to +105°C) (2/3)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input leakage ILim Vi = Voo Pins other than P50 to P53 (N-ch open 10 HA
current, high drain), X1, X2, XT1, and XT2

ILiH2 X1, X2, XT1, XT2 20 LA
ILiHa Vi=10V P50 to P53 80 HA
(N-ch open drain)
Input leakage liet Vi=0V Pins other than P50 to P53 (N-ch open -10 HA
current, low drain), X1, X2, XT1, and XT2
ILi X1, X2, XT1, XT2 —20 LA
lus P50 to P53 —10"* UA
(N-ch open drain)
Output leakage ILon Vo = Voo 10 LA
current, high
Output leakage lLoL Vo=0V -10 HA
current, low
Software pull-up Ri Vi=0V, for pins other than P23, P24, and P50 to P53 50 100 300 kQ
resistor

Note A low-level input leakage current of -60 4A (MAX.) flows only during the 1-cycle time after a read
instruction is executed to P50 to P53 when P50 to P53 are set to input mode. At times other than this, a
—10 pA (MAX.) current flows.

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port
pins.
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (#PD78F9177A(A1))

DC Characteristics (Vop = 4.5 to 5.5 V, Ta = —40 to +105°C) (3/3)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Power supply Iop1"*®" | 5.0 MHz crystal oscillation Vop = 5.0 V +10%"** 7.5 20.0 mA
current operating mode

(C1=C2 =22 pF)

et 5,0 MHz crystal oscillation Voo = 5.0 V £10%""** 3.0 6.0 mA
HALT mode
(C1=C2 =22 pF)

lop2

Iopa"*®" | 32.768 kHz crystal oscillation | Voo =5.0 V +10% 30 3000 LA
operating mode™**
(C3 = C4 = 22 pF,

R = 220 kQ)

IDD4N°‘e 1

32.768 kHz crystal oscillation | Voo =5.0 V +10% 25 2500 HA
HALT mode™**

(C3 = C4 = 22 pF,

R = 220 kQ)

Iops"*®" | 32.768 kHz crystal stop Voo = 5.0 V +10% 1.0 1000 LA
STOP mode

Ioos"** | 5.0 MHz crystal oscillation Voo = 5.0 V £10%""** 8.7 223 mA

A/D operating mode
(C1=C2=22pF)

Notes 1. The AVrerON (ADCSO (bit 7 of ADMO; A/D converter mode register 0) = 1), AVop, and port current
(including the current flowing through the internal pull-up resistors) is not included.
2. The AVrerON (ADCSO0 =1) and port current (including the current flowing through the internal pull-up
resistors) is not included. Refer to the A/D converter characteristics for the current flowing through
AVREF.
3. When the main system clock is stopped.
4. During high-speed mode operation (when the processor clock control register (PCC) is set to 00H.)

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port
pins.

User's Manual U14186EJ6VOUD 429



CHAPTER 30 ELECTRICAL SPECIFICATIONS (#PD78F9177A(A1))

AC Characteristics

(1) Basic operation (Vop = 4.5 t0 5.5 V, Ta = —40 to +105°C)

Parameter

Symbol Conditions MIN. TYP. MAX. Unit
Cycle time Tey Operation based on the main system clock 0.4 8 us
(minimum instruction
execution time) Operation based on the subsystem clock 114 122 125 us
TI80 and TI81 input fm 0 4 MHz
frequency
TI80 and TI81 input trm, tric 0.1 us
high-/low-level width
Interrupt input high- | tinth, tinte | INTPO to INTP3 10 us
/low-level width
RESET input low- tRsL 10 Us
level width
CPT90 input high- tcpH, 10 us
/low-level width terL
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (#PD78F9177A(A1))

(2) Serial interface 20 (Voo = 4.5 to 5.5V, Ta =—-40 to +105°C)

(a) 3-wire serial /O mode (SCK20...Internal clock)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK20 cycle time tkev 800 ns
SCK20 high-/low- tKH1, tket tkey1/2 — 50 ns
level width
SI20 setup time tsiki 150 ns
(to SCK20 T)

SI20 hold time tksit 400 ns
(from SCK20 T)
S020 output delay tksot R =1kQ, C =100 pF"** 0 250 ns
time from SCK20{
Note R and C are the load resistance and load capacitance of the SO20 output line.
(b) 3-wire serial I/O mode (SCK20...External clock)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK20 cycle time tkey2 900 ns
SCK20 high-/low- tKkH2, tki2 400 ns
level width
SI20 setup time tsike 100 ns
(to SCK20 T)

SI120 hold time tksiz 400 ns
(from SCK20 T)
S020 output delay tksoz R=1kQ, C =100 pF"** 0 300 ns
time from SCK20 |
S020 setup time tkas2 120 ns
(when using SS20,
to 520 )
S0O20 disable time tkos2 240 ns
(when using SS20,
from SS20 1)

Note R and C are the load resistance and load capacitance of the SO20 output line.

(c) UART mode (dedicated baud rate generator output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Transfer rate 78125 bps
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (#PD78F9177A(A1))

(d) UART mode (external clock input)

fall time

Parameter Symbol Conditions MIN. TYP. MAX. Unit
ASCK20 cycle tkeys 900 ns
time
ASCK20 high-/low- | tkHs, tkis 400 ns
level width
Transfer rate 39063 bps
ASCK20 rise time, tr, tF 1 us

432
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (#PD78F9177A(A1))

AC Timing Measurement Points (Excluding X1 and XT1 Inputs)

0.8Voo Point of 0.8Voo
0.2Vob measurement 0.2Vop

Clock Timing
1/fx
txe I txH
\ Vina (MIN.)
X1 input
N\ ViLs (MAX.)
1/fxr
txru [ ] tXTH
Vina (MIN.)
XT1 input
N Vis (MAX.)
Tl Timing
1/fT| |
tric | | tTH |

TI80, TI81 \
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (#PD78F9177A(A1))

Interrupt Input Timing

tiNTL tiNTH

INTPO to INTP3

RESET Input Timing

tRsL

RESET

CPT90 Input Timing

terL tcpH

CPT90
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (#PD78F9177A(A1))

Serial Transfer Timing

3-wire serial I/0 mode:

tkeym

tkim tKkHm

_ /
SCK20

\
tsikm tksim |
SI20 Input data
tksom
5020 Output data ><
Remark m=1,2
3-wire serial /0 mode (when using SS20):
SS20
))
(4
tkas2 tkps2
D)
/ « \
S020 —]( Outpqudata X 7[—
(S
UART mode (external clock input):
tkeys
tkis tkH3
tr tr
/ \
ASCK20 \ / \
\ / \
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (#PD78F9177A(A1))

10-Bit A/D Converter Characteristics (Ta = —40 to +105°C, 4.5 < AVrer < AVob = Vop < 5.5 V, AVss = Vss =0 V)

AVrer and AVss

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution 10 10 10 bit
Overall error"™ +0.2 +0.6 %FSR
Conversion time tcony 14 28 us
Zero-scale error"™® +0.6 %FSR
Full-scale error"® +0.6 %FSR
Integral linearity error* INL +4.5 LSB
Differential linearity DNL +2.0 LSB
error*™®
Analog input voltage Vian 0 AVRer
Reference voltage AVRer 4.5 AVop
Resistance between Rabrer 20 40 kQ

Note Excludes quantization error (+0.05%FSR).

Remark FSR: Full scale range
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (#PD78F9177A(A1))

Flash Memory Write/Erase Characteristics (Ta = 10 to 40°C, Voo = 4.5 t0 5.5 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Write current Ioow When Vep supply voltage = Vee1 23 mA
(Voo pin)Nom (5.0 MHz operation)
Write current IPPw When Ver supply voltage = Veei 20 mA
(Vee pin)
Erase currentNote1 Iooe When Vep supply voltage = Vre1 23 mA
(Voo pin) (5.0 MHz operation)
Erase current IpPE When Ver supply voltage = Vep1 100 mA
(Ve pin)
Unit erase timeNote 2 ter 0.2 0.2 0.2 S
Total erase time tera 20 S
Write count™*®® Erase/write is regarded as 1 cycle 20 20 20 Times
Vee supply voltage Vero In normal operation mode 0 0.2Vop \

Vpp1 During flash memory programming 9.7 10.0 10.3 |

Notes 1. The current flowing to the ports (including the current flowing through an on-chip pull-up resistor) and

AVbp current are not included.

2. The prewrite time before erasure and the erase verify time (writeback time) are not included.

3. When a product is first written after shipment, “erase — write” is taken as one rewrite.
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (#PD78F9177A(A1))

Data Memory STOP Mode Low Power Supply Voltage Data Retention Characteristics (Ta = —40 to +105°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Data retention power Vooor 45 55 \'%
supply voltage
Release signal set time tsReEL 0 us
Oscillation stabilization twarr Release by RESET 2%/fx S
wait time™**" Release by interrupt request Note 2 s

Notes 1. The oscillation stabilization time is the time the CPU operation is stopped to prevent unstable

operation when oscillation starts.

2. 2%ifx, 2"/x, or 2"/fx can be selected by using bits 0 to 2 (OSTS0 to OSTS2) of the oscillation

stabilization time selection register (OSTS).
Remark fx: Main system clock oscillation frequency

Data Retention Timing (STOP Mode Release by RESET)

Internal reset operation
HALT mode

£ STOP mode

Data retention mode——

VoobR tsREL

STOP instruction execution

RESET ) \ f

twarr

Data Retention Timing (Standby Release Signal: STOP Mode Release by Interrupt Signal)

Operating mode

HALT mode
45 STOP mode : Operating mode
|«——— Data retention mode ——
55
Vop
VoopR tsREL
STOP instruction execution
) /
Standby release signal
(interrupt request)
5
twarr
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CHAPTER 31 PACKAGE DRAWINGS

44 PIN PLASTIC LQFP (10x10)

A

B
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G HIB[ 1 @]

S
ITEM MILLIMETERS

NOTE A 12.0£0.2
Each lead centerline is located within 0.20 mm of 10.0£0.2
its true position (T.P.) at maximum material condition. 10.0+0.2
12.0+0.2
1.0
1.0

+0.08
0.3775:07

I MO0 |lw
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0.5
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0.17 7006

0.10
1.4+0.05
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CHAPTER 31 PACKAGE DRAWINGS

48-PIN PLASTIC TQFP (FINE PITCH) (7x7)

A
B
36 25
37 24 1
- — 1
1 1 detail of lead end
- — 1
- - = - rS
- — 1 1
- — + 1 c D
- — 1 +— 7(
i - a U
(- O I R
- — 1
=48 13 3
1
w
o N |S L
M _
NOTE ITEM MILLIMETERS
Each lead centerline is located within 0.10 mm of A 9.0+0.2
its true position (T.P.) at maximum material condition. B 7.040.2
C 7.0£0.2
D 9.0+0.2
F 0.75
G 0.75
+0.05
H 0.22%7-52
| 0.10
J 0.5 (T.P.)
K 1.0+0.2
L 0.5+0.2
w015t ggE
N 0.10
P 1.0+£0.1
Q 0.1+0.05
o+7°
R 3tL,
S 1.27 MAX.

S48GA-50-9EU-2
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CHAPTER 32 RECOMMENDED SOLDERING CONDITIONS

The uPD789167, 789177, 789167Y, and 789177Y Subseries should be soldered and mounted under the following

recommended conditions.

For technical information, see the following website.

Semiconductor Device Mount Manual (http://www.necel.com/pkg/en/mount/index.html).

Table 32-1. Surface Mounting Type Soldering Conditions (1/4)

4PD789166GB-xxx-8ES:
4PD789167GB-xxx-8ES:
4PD789176GB-xxx-8ES:
UPD789177GB-xxx-8ES:
4PD789166YGB-xxx-8ES:
4PD789167YGB-xxx-8ES:
4UPD789176YGB-xxx-8ES:
4PD789177YGB-xxx-8ES:
4PD789166GB(A)-xxx-8ES:
4PD789167GB(A)-xxx-8ES:
uPD789176GB(A)-xxx-8ES:
uPD789177GB(A)-xxx-8ES:
4PD789166GB(A1)-xxx-8ES
4PD789167GB(A1)-xxx-8ES
uPD789176GB(A1)-xxx-8ES
4PD789177GB(A1)-xxx-8ES
4PD789166GB(A2)-xxx-8ES
4PD789167GB(A2)-xxx-8ES
4PD789176GB(A2)-xxx-8ES
uPD789177GB(A2)-xxx-8ES

44-pin plastic LQFP (10 x 10)
44-pin plastic LQFP (10 x 10)
44-pin plastic LQFP (10 x 10)
44-pin plastic LQFP (10 x 10)
44-pin plastic LQFP (10 x 10)
44-pin plastic LQFP (10 x 10)
44-pin plastic LQFP (10 x 10)
44-pin plastic LQFP (10 x 10)
44-pin plastic LQFP (10 x 10)
44-pin plastic LQFP (10 x 10)
44-pin plastic LQFP (10 x 10)
44-pin plastic LQFP (10 x 10)
: 44-pin plastic LQFP (10 x 10)
: 44-pin plastic LQFP (10 x 10)
: 44-pin plastic LQFP (10 x 10)
: 44-pin plastic LQFP (10 x 10)
: 44-pin plastic LQFP (10 x 10)
: 44-pin plastic LQFP (10 x 10)
: 44-pin plastic LQFP (10 x 10)
: 44-pin plastic LQFP (10 x 10)

Soldering Method

Soldering Conditions

Recommended Condition

Symbol

Infrared reflow Package peak temperature: 235°C, Time: 30 seconds max. IR35-00-2

(at 210°C or higher), Count: Twice or less
VPS Package peak temperature: 215°C, Time: 40 seconds max. VP15-00-2

(at 200°C or higher), Count: Twice or less
Wave soldering Solder bath temperature: 260°C max., Time: 10 seconds max., Count: WS60-00-1

Once, Preheating temperature: 120°C max. (package surface

temperature)
Partial heating Pin temperature: 350°C max., Time: 3 seconds max. (per pin row) -

Caution Do not use different soldering methods together (except for partial heating).

Remark For soldering methods and conditions other than those recommended above, contact an NEC
Electronics sales representative.

User's Manual U14186EJ6V0OUD

441




CHAPTER 32 RECOMMENDED SOLDERING CONDITIONS

Table 32-1. Surface Mounting Type Soldering Conditions (2/4)

4PD78F9177GB-8ES: 44-pin plastic LQFP (10 x 10)
LPD78F9177YGB-8ES: 44-pin plastic LQFP (10 x 10)
uPD78F9177AGB-8ES: 44-pin plastic LQFP (10 x 10)

uPD78F9177AYGB-8ES:  44-pin plastic LQFP (10 x 10)
uPD78F9177AGB(A)-8ES:  44-pin plastic LQFP (10 x 10)
uPD78F9177AYGB(A)-8ES: 44-pin plastic LQFP (10 x 10)
uPD78F9177AGB(A1)-8ES: 44-pin plastic LQFP (10 x 10)

Soldering Method Soldering Conditions Recommended
Condition Symbol

Infrared reflow Package peak temperature: 235°C, Time: 30 seconds max. (at 210°C or IR35-103-2
higher), Count: Twice or less, Exposure limit: 3 days "*° (After that,
prebaking is necessary at 125°C for 10 to 72 hours)

VPS Package peak temperature: 215°C, Time: 40 seconds max. (at 200°C or VP15-103-2
higher), Count: Twice or less, Exposure limit: 3 days " (After that,
prebaking is necessary at 125°C for 10 to 72 hours)

Wave soldering Solder bath temperature: 260°C max., Time: 10 seconds max., Count: WS60-103-1
Once, Preheating temperature: 120°C max. (package surface
temperature), Exposure limit: 3 days "™ (After that, prebaking is
necessary at 125°C for 10 to 72 hours)

Partial heating Pin temperature: 350°C max., Time: 3 seconds max. (per pin row) -

Note The number of days for storage at 25°C, 65% RH MAX after the dry pack has been opened.

Caution Do not use different soldering methods together (except for partial heating).

Remark For soldering methods and conditions other than those recommended above, contact an NEC
Electronics sales representative.
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CHAPTER 32 RECOMMENDED SOLDERING CONDITIONS

Table 32-1. Surface Mounting Type Soldering Conditions (3/4)

4PD789166GA-xxx-9EU:
4PD789167GA-xxx-9EU:
4PD789176GA-xxx-9EU:
UPD789177GA-xxx-9EU:
4PD789166YGA-xxx-9EU:
UPD789167YGA-xxx-9EU:
uPD789176YGA-xxx-9EU:
UPD789177YGA-xxx-9EU:
4PD789166YGA(A)-xxx-9EU:
4PD789167YGA(A)-xxx-9EU:
4PD789176YGA(A)-xxx-9EU:
UPD789177YGA(A)-xxx-9EU:
uPD78F9177YGA-9EU:
uPD78F9177AGA-9EU:
UPD78F9177AYGA-9EU:
uPD78F9177AYGA(A)-9EU:

48-pin plastic TQFP (fine pitch) (7 x 7)
48-pin plastic TQFP (fine pitch) (7 x 7)
48-pin plastic TQFP (fine pitch) (7 x 7)
48-pin plastic TQFP (fine pitch) (7 x 7)
48-pin plastic TQFP (fine pitch) (7 x 7)
48-pin plastic TQFP (fine pitch) (7 x 7)
48-pin plastic TQFP (fine pitch) (7 x 7)
48-pin plastic TQFP (fine pitch) (7 x 7)
48-pin plastic TQFP (fine pitch) (7 x 7)
48-pin plastic TQFP (fine pitch) (7 x 7)
48-pin plastic TQFP (fine pitch) (7 x 7)
48-pin plastic TQFP (fine pitch) (7 x 7)
48-pin plastic TQFP (fine pitch) (7 x 7)
48-pin plastic TQFP (fine pitch) (7 x 7)
48-pin plastic TQFP (fine pitch) (7 x 7)
48-pin plastic TQFP (fine pitch) (7 x 7)

Soldering Method

Soldering Conditions

Recommended Condition

Symbol
Infrared reflow Package peak temperature: 235°C, Time: 30 seconds max. IR35-103-2
(at 210°C or higher), Count: Twice or less, Exposure limit: 3 days "
(After that, prebaking is necessary at 125°C for 10 to 72 hours)
VPS Package peak temperature: 215°C, Time: 40 seconds max. VP15-103-2

(at 200°C or higher), Count: Twice or less, Exposure limit: 3 days
(After that, prebaking is necessary at 125°C for 10 to 72 hours)

Note

Partial heating Pin temperature: 350°C max., Time: 3 seconds max. (per pin row)

Note The number of days for storage at 25°C, 65% RH MAX after the dry pack has been opened.

Caution Do not use different soldering methods together (except for partial heating).

Remark For soldering methods and conditions other than those recommended above, contact an NEC

Electronics sales representative.
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CHAPTER 32 RECOMMENDED SOLDERING CONDITIONS

Table 32-1. Surface Mounting Type Soldering Conditions (4/4)

#PD789166GB-xxx-8ES-A: 44-pin plastic LQFP (10 x 10)
1PD789167GB-xxx-8ES-A:  44-pin plastic LQFP (10 x 10)
1PD789176GB-xxx-8ES-A:  44-pin plastic LQFP (10 x 10)
uPD789177GB-xxx-8ES-A:  44-pin plastic LQFP (10 x 10)
1PD789166YGB-xxx-8ES-A: 44-pin plastic LQFP (10 x 10)
1PD789167YGB-xxx-8ES-A: 44-pin plastic LQFP (10 x 10)
#PD789176YGB-xxx-8ES-A: 44-pin plastic LQFP (10 x 10)
#PD789177YGB-xxx-8ES-A: 44-pin plastic LQFP (10 x 10)
1PD78F9177GB-8ES-A: 44-pin plastic LQFP (10 x 10)
uPD78F9177AGB-8ES-A: 44-pin plastic LQFP (10 x 10)
#PD789166GA-xxx-9EU-A: 48-pin plastic TQFP (fine pitch) (7 x 7)
1PD789167GA-xxx-9EU-A: 48-pin plastic TQFP (fine pitch) (7 x 7)
#PD789176GA-xxx-9EU-A: 48-pin plastic TQFP (fine pitch) (7 x 7)
#PD789177GA-xxx-9EU-A: 48-pin plastic TQFP (fine pitch) (7 x 7)
1PD789166YGA-xxx-9EU-A: 48-pin plastic TQFP (fine pitch) (7 x 7)
#PD789167YGA-xxx-9EU-A: 48-pin plastic TQFP (fine pitch) (7 x 7)
#PD789176YGA-xxx-9EU-A: 48-pin plastic TQFP (fine pitch) (7 x 7)
1PD789177YGA-xxx-9EU-A: 48-pin plastic TQFP (fine pitch) (7 x 7)
uPD78F9177YGA-9EU-A: 48-pin plastic TQFP (fine pitch) (7 x 7)
uPD78F9177YAGA-9EU-A: 48-pin plastic TQFP (fine pitch) (7 x 7)

Recommended Condition

Soldering Method Soldering Conditi
oldering Metho oldering Conditions Symbol

Infrared reflow Package peak temperature: 260°C, Time: 60 seconds max. (at 220°C or IR60-207-3
higher), Count: Three times or less, Exposure limit: 7 days " (After that,
prebaking is necessary at 125°C for 20 to 72 hours)

Wave soldering When the pin pitch of the package is 0.65 mm or more, wave soldering -
can also be performed. For details, ask an NEC Electronics sales
representative.

Partial heating Pin temperature: 350°C max., Time: 3 seconds max. (per pin row) -

Caution Do not use different soldering methods together (except for partial heating).
Remarks 1. Products that have the part numbers suffixed by “-A” are lead-free products.

2. For soldering methods and conditions other than those recommended above, contact an NEC
Electronics sales representative.

444 User's Manual U14186EJ6VOUD



APPENDIX A DEVELOPMENT TOOLS

The following development tools are available for development of systems using the xPD789167, 789177,
789167Y, and 789177Y Subseries. Figure A-1 shows the development tools.

® Support to PC98-NX Series
Unless specified otherwise, the products supported by IBM PC/AT™ compatibles can be used in PC98-NX
Series. When using the PC98-NX Series, refer to the explanation of IBM PC/AT compatibles.

® Windows™
Unless specified otherwise, “Windows” indicates the following operating systems.
e Windows 3.1
e Windows 95
o Windows 98
¢ Windows 2000
e Windows NT™ Ver. 4.0
e Windows XP
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Figure A-1. Development Tools

e Software package

+ Software pack

Language processing software

+ Assembler package

+ C compiler package

+ Device file

- C library source fileN°te !

age

Debugging software

* Integrated debugger

+ System simulator

Control software

* Project manager
(Windows version only)Nete2

Host machine
(PC or EWS)

Interface adapter

— Flash memory writing environment —

Flash programmer

Flash memory
writing adapter

Flash memory

Power supply unit

In-circuit emulator

Emulation board

Emulation probe

conversion adapter

Conversion socket or

Target system

Notes 1. The C library source file is not included in the software package.
2. The project manager is included in the assembler package.

The project manager is used only in the Windows environment.
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A.1 Software Package

SP78K0S
Software package

Software tools for development of the 78K/0S Series are combined in this package.
The following tools are included.
RA78K0S, CC78K0S, ID78K0S-NS, SM78K0S, and device files

Part number: ©SxxxxSP78K0S

Remark xxxx in the part number differs depending on the OS used

_ uSxxxxSP78K0S

XXXX Host Machine [OF) Supply Medium
AB17 PC-9800 series, IBM PC/AT Japanese Windows CD-ROM
Be17 | compatible English Windows

A.2 Language Processing Software

RA78K0S
Assembler package

Program that converts program written in mnemonic into object codes that can be executed
by a microcontroller.

In addition, automatic functions to generate a symbol table and optimize branch instructions
are also provided.

Used in combination with a device file (DF789178) (sold separately).

<Caution when used in PC environment>

The assembler package is a DOS-based application but may be used in the Windows
environment by using the project manager of Windows (included in the assembler package).

Part number: £SxxxxRA78K0S

CC78K0S
C compiler package

Program that converts program written in C language into object codes that can be executed
by a microcontroller.

Used in combination with an assembler package (RA78K0S) and device file (DF789178)
(both sold separately).

<Caution when used in PC environment>

The C compiler package is a DOS-based application but may be used in the Windows
environment by using the project manager of Windows (included in the assembler package).

Part number: £SxxxxCC78K0S

DF789178"""
Device file

File containing the information inherent to the device.
Used in combination with the RA78K0S, CC78K0S, ID78K0S-NS, and SM78KO0S (all sold
separately).

Part number: SxxxxDF789178

CC78K0S-L""*
C library source file

Source file of functions for generating an object library included in the C compiler package.
Necessary for changing the object library included in the C compiler package according to
the customer’s specifications. Since this is a source file, its working environment does not
depend on any particular operating system.

Part number: £SxxxxCC78K0S-L

Notes 1. DF789178 is a common file that can be used with the RA78K0S, CC78K0S, ID78K0S-NS, and

SM78KO0S.
2. CC78KO0S-L is not included in the software package (SP78K0S).
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Remark xxxx in the part number differs depending on the host machine and operating system to be used.

USxxxxRA78K0S
HSxxxxCC78K0S
[ XxX% Host Machine oS Supply Medium
AB13 PC-9800 series, Japanese Windows 3.5"2HD FD
BB13 | 'BM PC/AT compatible English Windows
AB17 Japanese Windows CD-ROM
BB17 English Windows
3P17 HP9000 series 700™ HP-UX™ (Rel. 10.10)
3K17 SPARCstation™ SunOS™ (Rel. 4.1.4),
Solaris™ (Rel. 2.5.1)
USxxxxDF789178
USxxxxCC78K0S-L
T Xxxx Host Machine oS Supply Medium
AB13 PC-9800 series, Japanese Windows 3.5"2HD FD
BB13 | 'BM PC/AT compatible English Windows
3P16 HP9000 series 700 HP-UX (Rel. 10.10) DAT
3K13 SPARCstation SunOS (Rel. 4.1.4), 3.5"2HD FD
3K15 Solaris (Rel. 2.5.1) 1/4-inch CGMT

A.3 Control Software

Project manager

<Caution>

The project manager is used only in the Windows environment.

Control software created for efficient development of the user program in the Windows
environment. User program development operations such as editor startup, build, and
debugger startup can be performed from the project manager.

The project manager is included in the assembler package (RA78KO0S).

A.4 Flash Memory Writing Tools

Flashpro Ill (FL-PR3, PG-FP3)
Flashpro IV (FL-PR4, PG-FP4)
Flash programmer

Dedicated flash programmer for microcontrollers incorporating flash memory

FA-44GB-8ES
FA-48GA
Flash memory writing adapter

Adapter for writing to flash memory and connected to Flashpro Il or Flashpro IV.
e FA-44GB-8ES: For 44-pin plastic LQFP (GB-8ES type)
o FA-48GA: For 48-pin plastic TQFP (GA-9EU type)

Remark The FL-PR3, FL-PR4, FA-44GB-8ES, and FA-48GA are products made by Naito Densei Machida Mfg.

Co., Ltd. (TEL +81-45-475-4191).
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A.5 Debugging Tools (Hardware)

IE-78K0S-NS
In-circuit emulator

In-circuit emulator for debugging hardware and software of an application system using the
78K/0S Series. Supports the integrated debugger (ID78K0S-NS). Used in combination with an
AC adapter, emulation probe, and interface adapter for connecting the host machine.

IE-78K0S-NS-A
In-circuit emulator

The |IE-78K0S-NS-A provides a coverage function in addition to the IE-78K0S-NS functions, thus
enhancing the debug functions, including the tracer and timer functions.

IE-70000-MC-PS-B
AC adapter

Adapter for supplying power from an AC 100 to 240 V outlet.

IE-70000-98-IF-C
Interface adapter

Adapter necessary when using a PC-9800 series PC (except notebook type) as the host machine
(C bus supported)

IE-70000-CD-IF-A
PC card interface

PC card and interface cable necessary when using a notebook PC as the host machine (PCMCIA
socket supported)

IE-70000-PC-IF-C
Interface adapter

Interface adapter necessary when using an IBM PC/AT compatible as the host machine (ISA bus
supported)

IE-70000-PCI-IF-A
Interface adapter

Adapter necessary when using a personal computer incorporating a PCI bus as the host machine

IE-789177-NS-EM1
Emulation board

Board for emulating the peripheral hardware inherent to the device. Used in combination with an
in-circuit emulator.

Probe to connect the in-circuit emulator and target system.
Used in combination with the TGB-044SAP.

Conversion socket to connect the NP-44GB-TQ, NP-H44GB-TQ and a target system board on
which a 44-pin plastic LQFP (GB-8ES type) can be mounted.

Cable to connect the in-circuit emulator and target system.
Used in combination with the TGA-048SDP.

NP-44GB-TQ

NP-H44GB-TQ

Emulation probe
TGB-044SAP
Conversion
adapter

NP-48GA

Emulation probe
TGA-048SDP
Conversion
adapter

Conversion adapter to connect the NP-48GA and a target system board on which a 48-pin plastic
TQFP (fine pitch) (GA-9EU type) can be mounted

Remarks 1. The NP-44GB-TQ and NP-H44GB-TQ are products made by Naito Densei Machida Mfg. Co., Ltd.
(TEL +81-45-475-4191).
2. The TGB-044SAP and TGA-048SDP are products made by TOKYO ELETECH CORPORATION.

For further information, contact:

Daimaru Kogyo, Ltd.
Tokyo Electronics Department (TEL +81-3-3820-7112)
Osaka Electronics Department (TEL +81-6-6244-6672)
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A.6 Debugging Tools (Software)

ID78K0S-NS
Integrated debugger

This debugger supports the in-circuit emulators |IE-78K0S-NS and |E-78K0S-NS-A for the
78K/0S Series. The ID78K0S-NS is Windows-based software.

It has improved C-compatible debugging functions and can display the results of tracing with
the source program using an integrating window function that associates the source
program, disassemble display, and memory display with the trace result.

Used in combination with a device file (DF789178) (sold separately).

Part number: ©SxxxxID78K0S-NS

SM78K0S
System simulator

This is a system simulator for the 78K/0S Series. The SM78K0S is Windows-based software.
It can be used to debug the target system at C source level or assembler level while
simulating the operation of the target system on the host machine.

Using SM78K0S, the logic and performance of the application can be verified independently
of hardware development. Therefore, the development efficiency can be enhanced and the
software quality can be improved. Used
in combination with a device file (DF789178) (sold separately).

Part number: uSxxxxSM78K0S

DF789178""
Device file

File containing the information inherent to the device.
Used in combination with the RA78K0S, CC78K0S, ID78K0S-NS, and SM78K0S (all sold
separately).

Part number: ©SxxxxDF789178

Note DF789178 is a common file that can be used with the RA78K0S, CC78K0S, ID78K0S-NS, and SM78K0S.

Remark xxxx in the part number differs depending on the operating system and supply medium to be used.

HSxxxxID78K0S-NS

HUSXxxxSM78K0S
kX Host Machine oS Supply Medium
AB13 PC-9800 series Japanese Windows 3.5"2HD FD
Be13 | 'BMPC/AT compatible English Windows
AB17 Japanese Windows CD-ROM
BB17 English Windows
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The following shows the conditions when connecting the emulation probe to the conversion connector or
conversion socket. Follow the configuration below and consider the shape of parts to be mounted on the target
system when designing a system.

Figure B-1. Distance Between In-Circuit Emulator and Conversion Socket (NP-44GB-TQ)

In-circuit emulator
|E-78K0S-NS or IE-78K0S-NS-A

Target system

Emulation board
IE-789177-NS-EM1

170 mmNete
A
- ™ e
! |
1
CN1 B —> :
« 1 .
1 -
L, -
Emulation probe
NP-44GB-TQ Conversion adapter: TGB-044SAP

NP-H44GB-TQ

—

Note Distance when NP-44GB-TQ is used. When NP-H44GB-TQ is used, the distance is 370 mm.

Remarks 1. NP-44GB-TQ and NP-H44GB-TQ are products of Naito Densei Machida Mfg. Co., Ltd.
2. TGB-044SAP is a product of TOKYO ELETECH CORPORATION.
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Figure B-2. Connection Condition of Target System (NP-H44GB-TQ)

Emulation board
|IE-789177-NS-EM1

\ Extension probe

NP-H44GB-TQ

o U g
e AT B
Conversion adapter JUJU JJJ J]ll LLLLLLLLLLL

>-..__TGB-044SAP -

Target system

Remarks 1. NP-H44GB-TQ is a product of Naito Densei Machida Mfg. Co., Ltd.
2. TGB-044SAP is a product of TOKYO ELETECH CORPORATION.
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Figure B-3. Distance Between In-Circuit Emulator and Conversion Socket (NP-48GA)

Incircuit emulator
IE-78K0S-NS or IE-78K0S-NS-A

Target system

Emulation board
IE-789177-NS-EM1

170 mm
A
- ™ R —
! |
] 1
'::> ! i
< 1 1
1 |<
L, -l
Emulation probe .
NP-48GA Conversion adapter: TGA-048SDP

Remarks 1. NP-48GA is a product of Naito Densei Machida Mfg. Co., Ltd.
2. TGA-048SDP is a product of TOKYO ELETECH CORPORATION.
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Figure B-4. Connection Condition of Target System (NP-48GA)

Emulation board
|IE-789177-NS-EM1

\ Extension probe

NP-48GA

. . E\
e Uy
e T I

< r Conversion JJJJJJJ JJlI!LLLLLLUU \

- TGA-048SDP -
10 mm

Target system

Remarks 1. NP-48GA is a product of Naito Densei Machida Mfg. Co., Ltd.
2. TGA-048SDP is a product of TOKYO ELETECH CORPORATION.
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C.1 Register Name Index

16-bit capture register 90 (TCPO0D) .....ouuiiiiiiiee ettt ettt et e et e e s aee e e s sabe e e e aabae e e eaeeeesnneeeesreeeaans 118
16-bit compare register 90 (CRO0) .........eiiuiieiieeitri ettt ettt e st e st sar e e sar e sareeane e e nneennee e 118
16-bit multiplication result storage register 0 (MULOD)........cccueiiiieiieiiiierie et eenne e 289
16-bit timer COUNTEr 90 (TIMO0) ......viieiiiii ettt e e e e e st e s es e e e s ne e e e e sb et e e enneeesnneeeanreeeanns 118
16-bit timer mode control register 90 (TMCO0) .......coouuiiiiiiee ettt ssere e e s rane e e e sabeeeaans 119
8-bit compare registers 80, 81, 82 (CR80, CR81, CRB2) .......uiiiiiiiieiiiiee et ree e e e e e eneee e e 137
8-bit timer counter 80, 81, 82 (TMB80, TMB8T1, TIMB2) ........uuiiiiiiiieeeiieeeeee e eeee e e e e seee e s enee e e sneeeeeeneeeeenees 137
8-bit timer mode control register 80 (TMC80) .......ccocuuiiiiiiiee et e e e e 138
8-bit timer mode control re@ister 81 (TMC8T) ......oii i 139
8-bit timer mode control register 82 (TMCB2) .......ccccuuiii ettt e e e e e e s enee e e snnee e e e nreeesanes 140
[A]
A/D conversion result register 0 (ADCRO) ......couiieiiiieee ettt e e 165, 178
A/D converter mode register O (ADMO) .......uuii ittt e e e 167, 180
A/D input selection register 0 (ADS0) ........eoiiii ittt 168, 181
Asynchronous serial interface mode register 20 (ASIM20)........cooooiieiriiiieiiie e 195, 202, 205, 218
Asynchronous serial interface status register 20 (ASIS20).........cooiiieiiiiiiee e 197, 206
[B]
Baud rate generator control register 20 (BRGC20) ........c.eeiiueeriiiiiiiieiie et 198, 207, 219
Buzzer output control register 90 (BZC0) ........ooiueeiiieiiiieii ettt ettt ettt ettt ee et ne e e e e b ne e nane s 121
[E]
External interrupt mode register O (INTMO) ......cooiiiiiiiiiie et e e sane e s 299
External interrupt mode register 1 (INTIMT) ..o e 300
(1
Interrupt mask flag registers 0, 1 (MKO, MKT) ..o s e s s 298
Interrupt request flag registers 0, 1 (IFO, IFT) ..ot s s 297
[M]
Multiplication data registers AO, BO (MRAO, MRBO) ......ccuuiiiiiiiieeiie ittt 289
Multiplier control register O (MULCO) ........ooiiueieeiiiiee ettt ettt e e e sbe e e e s anbe e e sanneeessnneeean 291
[O]
Oscillation stabilization time selection register (OSTS).......ciiiiiiiiiiiiee et 309
[P]
Lo s SO ({0 ) IO PO PO TP PP PR OUPPP PRSP 87
[T A I 1 T TSP PO P R PU RO PROPRTOPRTIIN 88
o4 2 2 T TP P PP PO PPOTPPUPPRRN 89
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o s R I () IO P PSP P PP PPPP PP 94
Lo QST () TSP 97
(ol QG (o) TP PP SP TR PRP PPN 98
Port Mode re@iSter O (PMO) ......oueiiiiiiieie ettt ettt ettt e e bttt eeab e e st e e eas e e sab e e eab e e s abeeeaneesareennneeneee 99
Port Mode register 1 (PIMT) ... ettt e e e et e e e e e s nn e e e e aab e e e e nre e e ennns 88, 99
Port Mode regiSter 2 (PIM2) ..ottt et e e s e et e e nre e s ans 89, 99, 141
Port mode register 3 (PIM3) .....coo ittt e et e e ae e e et e e e e e e e s nre e e e areeeens 99, 122, 141
POrt MO reQISIEN 5 (PIM5) ...ttt ettt ettt ettt ettt ettt e ettt eea bt e st e e ean e e sabe e eabeesabeeeaneesareennneeneee 99
Processor clock Control regiSter (PCC)... ..o ittt e et s e e s nne e e e nreeeeans 105
Pull-up resistor option re@ister O (PUD)..........eeiiiiieeeeiee ettt ettt ettt sttt e e st e e eneeaesbneeeenreeeeans 100
Pull-up resistor option registers B2, B3 (PUB2, PUBS) .......cooiiiiiiiiii ettt 101
[R]
Reception buffer register 20 (RXB20).......ccouuiiiiiiiee ittt e e e st e e e e nr e e e sanne e e s anre e e e 193
Reception shift register 20 (RXS20) .......uiiiiuiiieiiiii ettt e st e e e st e e e sbee e e enbeeeean 193
[S]
Serial operation mode register 20 (CSIM20) ..........eoiiiiiiiiiie e 194, 201, 204, 217
SMB clock selection register 0 (SMBCLO) .......ccuiiiiiiiiiie ittt e e e e e s e s e e s sanree s snneeean 239
SMB control register 0 (SMBCO) .......coiiiuiiiiiiiie ettt e b e e st e e sbe e e e e aa b e e e s aabe e e s aanee e e aaneee s 231
SMB input level setting register 0 (SMBVI0).........cuuiiiiiiiieiie ettt eene e s 243
SMB mode register O (SIMBIMO)........ueeiueeitieeiee ittt ettt e st sae e e sh et e abe e e abe e e abe e e abeeeaneesbeeenneesabeeeneennneas 241
SMB shift register 0 (SMBO) ......ccoiiiiiiiiiie et e st sb e e s b et e et ene e e e e s 229, 244
SMB slave address register 0 (SMBSVAD) ......coiiiiiiiiiieie ittt et sbe e s snee e saeee s 229, 244
SMB status register 0 (SMBS0)..........euiiieiieeeiie ittt ettt sb e a e s bt b n e e sneenare s 236
SUDbCIOCK CONLIOI FEGISTEr (CSS)....ueiitiiiiie ittt bttt ettt h e e it e b et e aae e et e e e neesabeeeneennneas 107
Suboscillation Mode regiSter (SCKIM) ........ii i it s e ss e e s abe e e s anneeessnneeeas 106
[T]
Timer clock selection regiSter 2 (TCL2) ......cocuii ittt ettt e e sene e sbe e e nnnenneeaa 160
Transmission shift register 20 (TXS20) ......coeuiiiieertie ettt e st e e sae e e sbe e e sae e e sbeeesaseesbeeesneeeneeaas 193
(W]
Watch timer mode control register (WTIM) ........eeei ittt s e s e e bt e e nr e e 155
Watchdog timer mode register (WDTIM) ......coii i eeee et et ee e st e e s nee e e s sate e e e amtee e e snneeeesneeeeenreeesnnees 161
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C.2 Register Symbol Index

[A]

ADCRQO:
ADMO:
ADSO:
ASIM20:
ASIS20:

[B]

BRGC20:
BZC90:

[C]

CR80:
CR81:
CR82:
CR90:
CSIM20:
CSS:

[

IFO:
IF1:
INTMO:
INTM1:

[M]

MKO:
MK1:
MRAO:
MRBO:
MULO:
MULCO:

[O]
OSTS:
[P]

PO:
P1:
P2:
P3:
P5:
P6:
PCC:
PMO:
PM1:

A/D conversion result register O .........oocii i 165, 178
A/D converter MOde reQISEr 0 .......eeuiiiiieiiiiie ettt st e e bb e e e aee e e eans 167, 180
A/D input SEIECtioN reGISTEr O .......eiiiiiiieeiiee e 168, 181
Asynchronous serial interface mode register 20 ..o 195, 202, 205, 218
Asynchronous serial interface status register 20............ccocoviiiiiii i 197, 206
Baud rate generator control register 20 ...........coooii i 198, 207, 219
Buzzer output control regiSter 90 ........oooiii e 121
8-bit cCOMPAre register 80 .........coiiiiiiie e e e 137
8-bit compare register 871 ... ..o s 137
8-bit cOMPAre reGiSTEr B2 ... e e 137
16-bit compare register 90 ..o e 118
Serial operation Mode register 20 .........ccoiuiiiiiiiiieiiee e 194, 201, 204, 217
510 oTe] o o] [qeTo) 1 (o] I £=To ) (=Y o SRS 107
Interrupt request flag regisSter O..........oo i 297
Interrupt request flag regiSter 1 ... .. e s 297
External interrupt mode register O.........cuiviiiiiiii e s 299
External interrupt mode regiSter 1.... .o i s 300
Interrupt Mask flag regiStEr 0 ..........uii i 298
Interrupt Mask flag regiSter 1 ... ..o i e 298
Multiplication data register AD .........c.eeei i 289
Multiplication data regisSter BO ..o 289
16-bit multiplication result storage register O.............eeiiiiiiiiiii e 289
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PM2:
PMS3:
PM5:
PUO:
PUB2:
PUBS3:

[R]

RXB20:
RXS20:

[S]

SCKM:
SMBO:
SMBCO:
SMBCLO:
SMBMO:
SMBSO0:
SMBSVAQO:
SMBVIO0:

[T]

TCL2:
TCP90:
TM80:
TM81:
TM82:
TM90:
TMC80:
TMC81:
TMCB82:
TMC90:
TXS20:

(W]

WDTM:
WTM:
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POrt MOdE reISTEr 2 ... .o 89, 99, 141
POt MOAE FEOISTEr ...t e e e s e e e e e 99, 132, 141
POt MOdE rEISTEE 5 ... e 929
Pull-up resistor Option re@iSTEr O .......coociiiiiiiee e e 100
Pull-up resistor option register B2...........oi i s 101
Pull-up resistor option regiSter B3 ... 101
Reception buffer register 20..........evie e s 193
Reception shift regiSter 20 ..........c.ooiiii e 193
SubosCillation MOAE rEGISTEN......cc.uiiiiieiiee e 106
SMB Shift FEQISTEN O ....eeeeeeiieie et e e e et e e e et e e e s nee e e snneeeeesseeeeeanseeeeaneeeeanneeenn 229, 244
SMB CONIOI FEGISTEE O ... e e s 231
SMB ClOCK SEIECHON FEISTEr O....eiiiiieeieiiiie ettt e e st e e s ar e e s sabe e e e sabeeeeans 239

SMB mode register 0

SMB status register 0

SMB slave address regiSter O........euuiiiiiiiiiiie et e s b e e e s 229, 244
SMB input level Setting regiStEr O .......cooiiiii i e e 243
Timer clock Selection reGISTEr 2 .........eeieiiiie e 160
16-bit capture register 90 ... ... e 118
8-Dit tIMer COUNTET B0 .....ccuiiiiiieii e e e e 137
8-Dit tIMEr COUNTET 87 ... e s s e e s e eaes 137
8-Dit TIMEI COUNTET B2.....ii et e s e e e e e s enn e e e e nnreeenans 137
16-Dit tIMEr COUNTET G0 ...t s e s e e s e b e s enr e e e nanes 118
8-bit timer mode control regiSTEr 80 ........oii i 138
8-bit timer mode control regiSTEr 81 ... e 139
8-bit timer mode CoNtrol regiStEr 82 ..........ooi e 140
16-bit timer mode control register 90 ... 119
Transmission Shift rEGISTEr 20 ........coiiiiiiiii et 193
Watchdog timer MOde rEgISTEr........oouiii i 161
Watch timer mode control register ... 155
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APPENDIX D REVISION HISTORY

D.1 Major Revisions in This Edition

Page

Description

pp. 21-24

pp. 26-28

CHAPTER 1 GENERAL (¢PD789167 AND 789177 SUBSERIES)

* Addition of lead-free products
HUPD789166GB-xxx-8ES-A, uPD789166GA-xxx-9EU-A,
UPD789167GB-xxx-8ES-A, uPD789167GA-xxx-9EU-A,
HUPD789176GB-xxx-8ES-A, uPD789176GA-xxx-9EU-A,
UPD789177GB-xxx-8ES-A, uPD789177GA-xxx-9EU-A,
uPD78F9177GB-8ES-A, 4PD78F9177AGB-8ES-A, 4uPD78F9177AGA-9EU-A

* Update of 1.5 78K/0S Series Lineup

pp. 35-38

p. 40

CHAPTER 2 GENERAL (¢PD789167Y AND 789177Y SUBSERIES)

* Addition of lead-free products
HUPD789166YGB-xxx-8ES-A, uPD789166YGA-xxx-9EU-A,
UPD789167YGB-xxx-8ES-A, uPD789167YGA-xxx-9EU-A,
UPD789176YGB-xxx-8ES-A, uPD789176YGA-xxx-9EU-A,
UPD789177YGB-xxx-8ES-A, uPD789177YGA-xxx-9EU-A,
uPD78F9177YGB-8ES-A, uPD78F9177AYGA-9EU-A,
uPD78F9177AYGB-8ES-A, uPD78F9177AYGA-9EU-A

¢ Update of 2.5 78K/0S Series Lineup

p. 51

CHAPTER 3 PIN FUNCTIONS (¢PD789167 AND 789177 SUBSERIES)
* Addition of descriptions in 3.2.15 Ver (flash memory version only)

p. 59

CHAPTER 4 PIN FUNCTIONS (4PD789167Y AND 789177Y SUBSERIES)
* Addition of descriptions in 4.2.15 Vrr (flash memory version only)

p. 144

CHAPTER 9 8-BIT TIMER/EVENT COUNTERS 80 TO 82
* Modification of Figure 9-10 External Event Counter Operation Timing (with Rising Edge Specified)

p. 444

CHAPTER 32 RECOMMENDED SOLDERING CONDITIONS
* Addition of recommended soldering conditions for the lead-free products

The mark * shows major revised points.
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D.2 Revision History up to Previous Edition

Revisions up to the previous edition are shown below. The “Applied to” column indicates the chapter in each
edition to which the revision was applied.

(1/3)
Edition Revision from Previous Edition Applied to:
Second Addition of description of 4PD789166Y, 4PD789167Y, xPD789176Y, and | Throughout
edition uPD789177Y
Change of status of xPD789166, xPD789167, uPD789176, and
4#PD789177 from “under development” to “developed”
Addition of description of SMBO special function registers to Table 5-3 CHAPTER 5 CPU ARCHITECTURE
Special Function Registers
Modification of Figure 6-5 Block Diagram of P21 CHAPTER 6 PORT FUNCTIONS
Addition of 8.5 Notes on Using 16-Bit Timer CHAPTER 8 16-BIT TIMER
Addition of 15 SMBO (¢#PD789167Y AND 789177Y SUBSERIES) CHAPTER 15 SMBO (#PD789167Y
AND 789177Y SUBSERIES)
Addition of description of SMBO interrupt to 17 INTERRUPT CHAPTER 17 INTERRUPT
FUNCTIONS FUNCTIONS
Addition of Figure 20-3 Flashpro Il Connection in SMB Mode CHAPTER 20 4PD78F9177 AND
Addition of setting with SMB mode in Table 20-4 Setting with PG-FP3 | #PD78FI177Y
Addition of development tools for xPD789166Y, 4PD789167Y, APPENDIX A DEVELOPMENT TOOLS
uPD789176Y, and uPD789177Y
Third e Addition of 4PD789166(A), 789167(A), 789176(A), 789177(A), Throughout
edition 789166Y(A), 789167Y(A), 789176Y(A), 789177Y(A), 789166(A1),
789167(A1), 789176(A1), 789177(A1), 789166(A2), 789167(A2),
789176(A2), 789177(A2), 78F9177A, 78F9177AY, 78F9177A(A),
78F9177AY(A), and 78F9177A(A1)
* Addition of description on expanded-specification products (10 MHz)
* Addition of description on generic terms used in this manual INTRODUCTION
¢ Change of Related Documents
¢ Addition of 1.1 Expanded-Specification Products and Conventional CHAPTER 1 GENERAL (¢PD789167
Products AND 789177 SUBSERIES)
* Addition of 1.10 Differences Between Standard Quality Grade
Products and (A) Products, (A1) Products, and (A2) Products
¢ Addition of 2.1 Expanded-Specification Products and Conventional CHAPTER 2 GENERAL (¢PD789167Y
Products AND 789177Y SUBSERIES)
* Addition of 2.10 Differences Between Standard Quality Grade
Products and (A) Products
* Modification of Ver pin connection in 3.2.15 Vep (flash memory CHAPTER 3 PIN FUNCTIONS
version only) and Table 3-1 Types of I/O Circuits for Each Pin and («PD789167 AND 789177 SUBSERIES)
Recommended Connection of Unused Pins
» Addition of Note to Figure 7-3 Format of Suboscillation Mode CHAPTER 7 CLOCK GENERATOR
Register
¢ Modification of description in 8.4.1 Operation as timer interrupt CHAPTER 8 16-BIT TIMER 90
* Modification of description in 8.4.2 Operation as timer output
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(2/3)
Edition Revision from Previous Edition Applied to:
Third ¢ Addition of 9.5 (4) Cautions when set to STOP mode CHAPTER 9 8-BIT TIMER/EVENT
edition ¢ Addition of 9.5 (5) Start timing of external event counter COUNTERS 80 TO 82
¢ Addition of 12.5 (8) Input impedance of ANIO to ANI7 pins CHAPTER 12 8-BIT A/D CONVERTER
(uPD789167 AND 789167Y
SUBSERIES)
* Modification of description in 13.2 (2) A/D conversion result register 0 CHAPTER 13 10-BIT A/D
(ADCRO) CONVERTER (¢PD789177 AND
* Modification of Figure 13-4 Basic Operation of 10-Bit A/D Converter 789177Y SUBSERIES)
¢ Addition of 13.5 (8) Input impedance of ANIO to ANI7 pins
* Modification of Figure 14-1 Block Diagram of Serial Interface 20 CHAPTER 14 SERIAL INTERFACE 20
* Modification of description on PE20 flag in Figure 14-5 Format of
Asynchronous Serial Interface Status Register 20
* Addition of 14.4.2 (2) (f) Reading receive data
* Overall revision of description on flash memory programming CHAPTER 20 FLASH MEMORY
VERSION
* Addition of electrical specifications CHAPTER 23, 25, 27, 29, and 31
ELECTRICAL SPECIFICATIONS
¢ Addition of characteristics curves CHAPTER 24, 26, 28, 30, and 32
CHARACTERISTICS CURVES
* Addition of package drawings CHAPTER 33 PACKAGE DRAWINGS
» Addition of recommended soldering conditions CHAPTER 34 RECOMMENDED
SOLDERING CONDITIONS
* Overall revision of description on development tools APPENDIX A DEVELOPMENT TOOLS
* Deletion of embedded software
Fourth Change of Related Documents INTRODUCTION
edition

o Deletion of SMB from block diagram in 1.8

CHAPTER 1 GENERAL (¢«PD789167
AND 789177 SUBSERIES)

Deletion of P60 to P67 from Table 6-3 Port Mode Register and
Output Latch Settings for Using Alternate Functions

CHAPTER 6 PORT FUNCTIONS

Modification of Figures 8-6 Timing of Timer Interrupt Operation and 8-
8 Timer Output Timing

CHAPTER 8 16-BIT TIMER 90

Change of description of Cautions in 9.5 Notes on Using 8-Bit
Timer/Event Counters 80 to 82

CHAPTER 9 8-BIT TIMER/EVENT
COUNTERS 80 TO 82

Modification of Notes in Figure 12-2 Format of A/D Converter Mode
Register 0

CHAPTER 12 8-BIT A/D CONVERTER
(uPD789167 AND 789167Y
SUBSERIES)

Modification of Notes in Figure 13-2 Format of A/D Converter Mode
Register 0

CHAPTER 13 10-BIT A/D
CONVERTER (1#PD789177 AND
789177Y SUBSERIES)

Modification of Figure 14-1 Block Diagram of Serial Interface 20
Modification of description of Cautions in Figure 14-6 Format of Baud Rate
Generator Control Register 20

Addition of 14.3 (4) (c) Generation of serial clock from system clock
input to 3-wire serial I/O mode

CHAPTER 14 SERIAL INTERFACE 20
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(3/3)

Edition

Revision from Previous Edition

Applied to:

Fourth
edition

o Addition of description of SMBMO to 15.4.1 Start condition

o Addition of description of 15.4.7 (7) Slave operation (after stop
mode is released)

¢ Modification of Table 15-3 INTSMBO Generation Timing and Wait
Control

o Addition of 15.4.8 (6) Start condition detection

« Addition and modification of description of Notes in Figure 15-20
Master — Slave Communication Example (When 9-Clock Wait Is
Selected for Both Master and Slave) and Figure 15-21. Slave —
Master Communication Example (When 9-Clock Wait Is Selected
for Both Master and Slave)

CHAPTER 15 SMBO (4PD789167Y
AND 789177Y SUBSERIES)

o Addition of Caution in Figure 17-2 Format of Interrupt Request Flag
Register

CHAPTER 17 INTERRUPT
FUNCTIONS

¢ Modification of Table 20-2 Communication Mode List and Table 20-
3 Pin Connection List

o Addition of description of pseudo 3-wire mode to Figure 20-3
Example of Connection with Dedicated Flash Programmer and
Figure 20-9 Wiring Example for Flash Writing Adapter in 3-Wire
Serial I/0 Mode (SIO-ch1) or Pseudo 3-Wire Mode

CHAPTER 20 FLASH MEMORY
VERSION

* Modification of electrical specifications

CHAPTERS 23, 25, 27, 28, 30
ELECTRICAL SPECIFICATIONS

o Addition of chapter

APPENDIX B NOTES ON TARGET
SYSTEM DESIGN

Fifth
edition

Addition of 48-pin plastic TQFP (fine pitch) (7 x 7) to xPD789167,
789177 Subseries
UPD789166GA-xxx-9EU, 4PD789167GA-xxx-9EU,
UPD789176GA-xxx-9EU, 4PD789177GA-xxx-9EU,
uPD78F9177AGA-9EU

Throughout

¢ Addition of description on IC3 to 3.1 (2) Non-port pins

¢ Addition of 3.2.17 IC3

¢ Addition of description on IC3 to Table 3-1 Types of I/O Circuits for
Each Pin and Recommended Connection of Unused Pins

CHAPTER 3 PIN FUNCTIONS
(vPD789167 AND 789177 SUBSERIES)

462
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