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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
Vi (MIN).

HANDLING OF UNUSED INPUT PINS

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

PRECAUTION AGAINST ESD

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

STATUS BEFORE INITIALIZATION

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

POWER ON/OFF SEQUENCE

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

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

INPUT OF SIGNAL DURING POWER OFF STATE

Do not input signals or an I/O pull-up power supply while the device is not powered. The current
injection that results from input of such a signal or I/O pull-up power supply may cause malfunction and
the abnormal current that passes in the device at this time may cause degradation of internal elements.

Input of signals during the power off state must be judged separately for each device and according to
related specifications governing the device.
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Windows and Windows NT are 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.

EEPROM is a trademark of NEC Electronics Corporation.

SuperFlash is a registered trademark of Silicon Storage Technology, Inc. in several countries including the
United States and Japan.

Caution: This product uses SuperFlash® technology licensed from Silicon Storage Technology, Inc.

e The information in this document is current as of July, 2009. The information is subject to change
without notice. For actual design-in, refer to the latest publications of NEC Electronics data sheets,
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.

* 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 and safety of NEC Electronics products, customers
agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. In addition, NEC
Electronics products are not taken measures to prevent radioactive rays in the product design. When customers
use NEC Electronics products with their products, customers shall, on their own responsibility, incorporate
sufficient safety measures such as redundancy, fire-containment and anti-failure features to their products in
order to avoid risks of the damages to property (including public or social property) or injury (including death) to
persons, as the result of defects of NEC Electronics products.

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).

M8E0904E
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Readers

Purpose

Organization

How to Read This Manual

INTRODUCTION

This manual is intended for user engineers who wish to understand the functions of the
78KOR/KG3 and design and develop application systems and programs for these
devices.
The target products are as follows.
e Conventional-specification products of the 78KOR/KG3:
©PD78F1162, 78F1163, 78F1164, 78F1165, 78F1166, 78F1167, 78F1168
o Expanded-specification products of the 78 KOR/KG3:
uPD78F1162A, 78F1163A, 78F1164A, 78F1165A, 78F1166A, 78F1167A, 78F1168A
¢ (A) grade products of the expanded-specification products of the 78KOR/KG3:
1PD78F1162A(A), 78F1163A(A), 78F1164A(A), 78F1165A(A), 78F1166A(A),
78F1167A(A), 78F1168A(A)

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

The 78KOR/KG3 manual is separated into two parts: this manual and the instructions
edition (common to the 78KO0R Microcontroller Series).

78KOR/KG3 78KO0R Microcontroller
User’s Manual User’s Manual
(This Manual) Instructions
¢ Pin functions e CPU functions
¢ Internal block functions o Instruction set
o Interrupts o Explanation of each instruction

Other on-chip peripheral functions

Electrical specifications

It is assumed that the readers of this manual have general knowledge of electrical
engineering, logic circuits, and microcontrollers.

e When using this manual as the manual for (A) grade products of the expanded-
specification products of 78KOR/KG3 microcontrollers:

— Only the electrical specifications and quality grade differ between standard
products and (A) grade products. Read the part number for (A) grade products as
follows.

o 1PD78F116yA — puPD78F116yA(A) (y =2 to 8)
e To gain a general understanding of functions:

— Read this manual in the order of the CONTENTS. The mark “<R>" shows major
revised points. The revised points can be easily searched by copying an “<R>" in
the PDF file and specifying it in the “Find what:” field.
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e How to interpret the register format:

— For a bit number enclosed in angle brackets, the bit name is defined as a
reserved word in the RA78KOR, and is defined as an sfr variable using the
#pragma sfr directive in the CC78KO0R.

e To know details of the 78KOR Series instructions:

— Refer to the separate document 78KOR Microcontroller Instructions User’s

Manual (U17792E).

Conventions Data significance: Higher digits on the left and lower digits on the right
Active low representations: xxx (overscore over pin and signal name)
Note: Footnote for item marked with Note in the text
Caution: Information requiring particular attention
Remark: Supplementary information
Numerical representations: Binary - XXXX OF 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.
78KOR/KG3 User's Manual This manual
78KOR Microcontroller Instructions User's Manual U17792E
78KOR Microcontroller Self Programming Library Type01 User's Manual™® U18706E

Note This document is classified under engineering management. Contact an NEC Electronics sales representative.

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

Document Name Document No.
CC78KO0R Ver. 2.00 C Compiler Operation U18549E
Language U18548E
RA78KOR Ver. 1.20 Assembler Package Operation U18547E
Language U18546E
SM+ System Simulator Operation U18601E
PM+ Ver. 6.30 U18416E
ID78KOR-QB Ver. 3.20 Integrated Debugger Operation U17839E

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

Document Name Document No.
QB-MINI2 On-Chip Debug Emulator with Programming Function U18371E
QB-78KORKX3 In-Circuit Emulator U17866E

Caution The related documents listed above are subject to change without notice. Be sure to use the latest
version of each document when designing.
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Documents Related to Flash Memory Programming (User’s Manuals)

Document Name Document No.
PG-FP4 Flash Memory Programmer U15260E
PG-FP5 Flash Memory Programmer U18865E

Other Documents

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

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

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

1.1 Differences Between Conventional-Specification Products (uPD78F116x) and Expanded-

Specification Products (#PD78F116xA)

This manual describes the functions of the 78KOR/KG3 microcontroller products with conventional specifications
(«PD78F116x) and expanded specifications (#«PD78F116xA).
The differences between the conventional-specification products (#PD78F116x) and expanded-specification

products («PD78F116xA) of the 78KOR/KG3 microcontrollers are described below.

Item Conditions Conventional- Expanded- Reference in This
Specification Specification Manual
Products Products
Temperature sensor Channel 0 and channel 1 of None Available 11.5 Temperature
function the A/D converter are used. Sensor Function
Internal high-speed
oscillator operating
Expansion of When the LV1 and LVO bits | 4.0V <AVrero <55V | 4.0V <AVrero<55V | 11.3(2) A/D converter
frequency range of of the A/D converter mode mode register (ADM)
conversion clock (fap) register (ADM) are setto 0 | 1*°=06103.6 MHz fo=0.33 10 3.6 MHz
in A/D converter 27V<AVrero<4.0V | 2.7V <AVrero<4.0V
(support of low-speed
conversion time) fao=0.6 to 1.8 MHz fao=0.33 to 1.8 MHz
Improvement of A/D Overall error when 2.7 V < — Improved CHAPTER 29
converter conversion AVRero < 4.0V ELECTRICAL
accuracy Zero-scale error, full-scale SPECIFICATIONS
error, integral linearity (STANDARD
error, and differential PRODUCTS), A/D
linearity error when 2.3 V < Converter
AVRero < 4.0V Characteristics
Number of rewrites Used for updating 100 1000 CHAPTER 29
programs ELECTRICAL
When using flash memory SPECIFICATIONS
programmer and NEC (STANDARD
Electronics self PRODUCTS), Flash
programming library Memory Programming
- - Characteristics
Expansion of Used for updating data. 3 years 5 years
EEPROM™ When EEPROM emulation
emulation data library provided by NEC
retention period Electronics is used (usable
ROM size: 6 KB, which
consists of 3 consecutive
blocks)
Expansion of operating | 1.8 V <Vop < 2.7 V, during Not supported Supported CHAPTER 29
voltage in simplified I°C | communication at same ELECTRICAL
mode (serial array unit) | potential SPECIFICATIONS
(STANDARD
PRODUCTS), Serial
Interface, (d) During
communication at same
potential (simplified I°C
mode)
Expansion of operating | 1.8V <Vob<2.7V, Not supported Supported CHAPTER 29
voltage of external bus | synchronous ELECTRICAL
interface separate/synchronous SPECIFICATIONS
multiplexed/asynchronous (STANDARD
separate mode PRODUCTS), External
Bus Interface
Support for (A) grade - Not supported Supported CHAPTER 30
product specifications ELECTRICAL
SPECIFICATIONS ((A)
GRADE PRODUCTS
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CHAPTER 1 OUTLINE

1.2 Features

O Minimum instruction execution time can be changed from high speed (0.05 us: @ 20 MHz operation with high-

speed system clock) to ultra low-speed (61 us: @ 32.768 kHz operation with subsystem clock)

O General-purpose register: 8 bits x 32 registers (8 bits x 8 registers x 4 banks)
O ROM, RAM capacities

ltem Program Memory Data Memory
Part Number (ROM) (RAM)
uPD78F1162 Flash memory 64 KB 4 KB
HPD78F1162A
4PD78F1163 96 KB 6 KB
4PD78F1163A
4PD78F1164 128 KB 8 KB
uPD78F1164A
uPD78F1165 192 KB 10 KB
4PD78F1165A
uPD78F1166 256 KB 12 KB
1PD78F1166A
uPD78F1167 384 KB 24 KB
uPD78F1167A
4PD78F1168 512 KB 30 KB
4PD78F1168A

O On-chip single-power-supply flash memory (with prohibition of chip erase/block erase/writing function)

O Self-programming (with boot swap function/flash shield window function)
O On-chip debug function

O On-chip power-on-clear (POC) circuit and low-voltage detector (LVI)

O On-chip watchdog timer (operable with the internal low-speed oscillation clock)
O On-chip multiplier (16 bits x 16 bits)

O On-chip functions of external bus interface

O On-chip key interrupt function

O On-chip clock output/buzzer output controller

O On-chip BCD adjustment

O 1/O ports: 88 (N-ch open drain: 4)

O Timer: 10 channels

e 16-bit timer: 8 channels
e Watchdog timer: 1 channel
¢ Real-time counter: 1 channel

O Serial interface

e CSI: 2 channels/UART: 1 channel

e CSI: 1 channel/lUART: 1 channel/simplified I°C: 1 channel

e CSI: 1 channel/UART: 1 channel/simplified I°C: 1 channel

e UART (LIN-bus supported): 1 channel

e I’C: 1 channel
O 10-bit resolution A/D converter (AVRero = 2.3 to 5.5 V): 16 channels
O 8-bit resolution D/A converter (AVrer1 = 1.8 t0 5.5 V): 2 channels
O Power supply voltage: Voo=1.8t05.5V
O Operating ambient temperature: Ta= —40 to +85°C
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1.3 Applications

O Home appliances
e Laser printer motors
o Clothes washers
o Air conditioners
o Refrigerators
O Home audio systems
O Digital cameras, digital video cameras
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1.4 Ordering Information

¢ Flash memory version

Part Number Package Quality Grade
uPD78F1162GC-UEU-AX 100-pin plastic LQFP (fine pitch) (14 x 14) Standard
uPD78F1162AGC-UEU-AX 100-pin plastic LQFP (fine pitch) (14 x 14) Standard
uPD78F1163GC-UEU-AX 100-pin plastic LQFP (fine pitch) (14 x 14) Standard
uPD78F1163AGC-UEU-AX 100-pin plastic LQFP (fine pitch) (14 x 14) Standard
uPD78F1164GC-UEU-AX 100-pin plastic LQFP (fine pitch) (14 x 14) Standard
uPD78F1164AGC-UEU-AX 100-pin plastic LQFP (fine pitch) (14 x 14) Standard
uPD78F1165GC-UEU-AX 100-pin plastic LQFP (fine pitch) (14 x 14) Standard
uPD78F1165AGC-UEU-AX 100-pin plastic LQFP (fine pitch) (14 x 14) Standard
uPD78F1166GC-UEU-AX 100-pin plastic LQFP (fine pitch) (14 x 14) Standard
uPD78F1166AGC-UEU-AX 100-pin plastic LQFP (fine pitch) (14 x 14) Standard
uPD78F1167GC-UEU-AX 100-pin plastic LQFP (fine pitch) (14 x 14) Standard
uPD78F1167AGC-UEU-AX 100-pin plastic LQFP (fine pitch) (14 x 14) Standard
uPD78F1168GC-UEU-AX 100-pin plastic LQFP (fine pitch) (14 x 14) Standard
uPD78F1168AGC-UEU-AX 100-pin plastic LQFP (fine pitch) (14 x 14) Standard
uPD78F1162AGC(A)-UEU-AX 100-pin plastic LQFP (fine pitch) (14 x 14) Special
uPD78F1163AGC(A)-UEU-AX 100-pin plastic LQFP (fine pitch) (14 x 14) Special
uPD78F1164AGC(A)-UEU-AX 100-pin plastic LQFP (fine pitch) (14 x 14) Special
uPD78F1165AGC(A)-UEU-AX 100-pin plastic LQFP (fine pitch) (14 x 14) Special
uPD78F1166AGC(A)-UEU-AX 100-pin plastic LQFP (fine pitch) (14 x 14) Special
uPD78F1167AGC(A)-UEU-AX 100-pin plastic LQFP (fine pitch) (14 x 14) Special
uPD78F1168AGC(A)-UEU-AX 100-pin plastic LQFP (fine pitch) (14 x 14) Special
1PD78F1162GF-GAS-AX 100-pin plastic LQFP (14 x 20) Standard
1PD78F1162AGF-GAS-AX 100-pin plastic LQFP (14 x 20) Standard
1PD78F1163GF-GAS-AX 100-pin plastic LQFP (14 x 20) Standard
1PD78F1163AGF-GAS-AX 100-pin plastic LQFP (14 x 20) Standard
1PD78F1164GF-GAS-AX 100-pin plastic LQFP (14 x 20) Standard
pPD78F1164AGF-GAS-AX 100-pin plastic LQFP (14 x 20) Standard
1PD78F1165GF-GAS-AX 100-pin plastic LQFP (14 x 20) Standard
1PD78F1165AGF-GAS-AX 100-pin plastic LQFP (14 x 20) Standard
1PD78F1166GF-GAS-AX 100-pin plastic LQFP (14 x 20) Standard
1PD78F1166AGF-GAS-AX 100-pin plastic LQFP (14 x 20) Standard
1PD78F1167GF-GAS-AX 100-pin plastic LQFP (14 x 20) Standard
1PD78F1167AGF-GAS-AX 100-pin plastic LQFP (14 x 20) Standard
1PD78F1168GF-GAS-AX 100-pin plastic LQFP (14 x 20) Standard
1PD78F1168AGF-GAS-AX 100-pin plastic LQFP (14 x 20) Standard
pPD78F1162AGF(A)-GAS-AX 100-pin plastic LQFP (14 x 20) Special
1PD78F1163AGF(A)-GAS-AX 100-pin plastic LQFP (14 x 20) Special
1PD78F1164AGF(A)-GAS-AX 100-pin plastic LQFP (14 x 20) Special
1PD78F1165AGF(A)-GAS-AX 100-pin plastic LQFP (14 x 20) Special
1PD78F1166AGF(A)-GAS-AX 100-pin plastic LQFP (14 x 20) Special
1PD78F1167AGF(A)-GAS-AX 100-pin plastic LQFP (14 x 20) Special
pPD78F1168AGF(A)-GAS-AX 100-pin plastic LQFP (14 x 20) Special

Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by
NEC Electronics Corporation to know the specification of the quality grade on the device and

recommended applications.
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1.5 Pin Configuration (Top View)

22

e 100-pin plastic LQFP (14 x 20)

Cautions 1.
2.
3.
4,

O P43/5CKO1
O P44/sio1

P122/X2/EXCLK
O P45/S001

FLMDO

l~—0O P123/XT1

P124/XT2

l-——O RESET

EVooo
EVsso
Vss
REGC
~——-0O P121/X1

Vob
QO P46/INTP1/TI05/TO05

QO P40/TOOLO

O P41/TOOL1

O P42/TI04/TO04
O P47/INTP2

O P120/INTPO/EXLVI

100999897 96 9594 93

©|

2919

(=]

898887868584838281

P60/SCLO O~—n] 80 |~——(O P140/PCLBUZO/INTP6

1
P61/SDA0 O=—12 O 79|~——0O P141/PCLBUZ1/INTP7
P62 O=—-={3 78 |~——(O P142/SCK20/SCL20
P63 O=—»4 77 |l«——O P143/SI120/RxD2/SDA20
P31/TI03/TO03/INTP4 O=—-|5 76 |[~——O P144/S020/TxD2
P64/RD Q=——-+|6 75 f«——O P145/TI07/TO07
P65/WR0 O~—7 74«——=QO P0OO/TI00
P66/WR1 O-—+{8 73|«——0O P01/TO00

©

P87/ASTB O~ 72 {«——(O P02/SO10/TxD1

P77/EX23/KR7/INTP11 O~—+{10 71 |«——O P03/SI10/RxD1/SDA10
P76/EX22/KR6/INTP10 O=—={11 70 |«—~O P04/SCK10/SCL10
P75/EX21/KR5/INTP9 Om—|12 69 |« P131/TI06/TO06

P74/EX20/KR4/INTP8 Q=—-»|13 68|——O P130
P73/EX19/KR3 O=—{14 67 |~——O P20/ANIO
P72/EX18/KR2 O~—{15 66 |~—O P21/ANI1
P71/EX17/KR1 O 16 65 |~——QO P22/ANI2
P70/EX16/KR0 O 17 64 |«——(O P23/ANI3

PO6/WAIT O~—+{18 63~——O P24/ANI4
P05/CLKOUT O 19 62 |«——(O P25/ANI5
EVssi O——20 61 |~——=O P26/ANI6
P8O/EX0 O=—{21 60 |«——O P27/ANI7
P81/EX1 Q=—n]22 59 [«—~QO P150/ANI8
P82/EX2 O=—={23 58 |l«—=(O P151/ANI9
P83/EX3 O=—+{24 57 |+—=0O P152/ANI10
P84/EX4 O=—»|25 56 |«—=(O P153/ANI11
P85/EX5 O=——={26 55 |+—=Q P154/ANI12
P86/EX6 O~——n{27 54 l«——QO P155/ANI13
P87/EX7 O=—{28 53 |«—~O P156/ANI14
P30/INTP3/RTC1HZ Q=—29 52|«——=Q P157/ANI15
EVooi O———30 51— AVss

3132333435363738394041424344454647484950

Oi
.
<

AVrert O——

P110/ANOO O
P111/ANO1

P52/EX
P53/EX
P54/EX
P55/EX
P13/EX27/TxD3 O
P12/EX26/SO00/TxD0 O
P10/EX24/SCK00 O=—

P14/EX28/RxD3 O
P11/EX25/SI100/RXD0 O=—

P17/EX31/T102/TO020:

P16/EX30/TI01/TO01/INTP5 O=—|
P15/EX29/RTCDIV/RTCCL Q=—

Make AVss, EVsso, and EVss1 the same potential as Vss.

Make EVobo and EVop1 the same potential as Vop.

Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).

P20/ANIO to P27/ANI7 and P150/ANI8 to P157/ANI15 are set as analog inputs in the order of
P157/ANI15, ..., P150/ANI8, P27/ANI7, ..., P20/ANIO by the A/D port configuration register
(ADPC). When using P20/ANIO to P27/ANI7 and P150/ANI8 to P157/ANI15 as analog inputs,
start designing from P157/ANI15 (see 11.3 (6) A/D port configuration register (ADPC) for
details).

Remark When using the microcontroller for an application where the noise generated inside the microcontroller

must be reduced, it is recommended to supply separate powers to the Voo and two EVop pins and

connect the Vss and two EVss pins to separate ground lines.
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100-pin plastic LQFP (fine pitch) (14 x 14)

o

g o

(=) <<

@ aQ

385 52gd8

EES  ERaS

sk tmot mmov—c\lmv
SaR _osfl=e o mtwor22c o
Npgogox=-CSxo S-S LOE zZzzzzzz
OHOEROOCIOE Z2Z2Z2Z22ZZZ<<<II<I<
I EEQON =L IILILLLLILS=ETRATDD
TTETATO T AT ONO T~ ANDTLOONL LWL WOLW
v—v—v—ODOOOv—v—C\INNNN LLLELEE
oS N W W W W Y Y W Wl W o foaaana

T T[T

it

YT

10099989796 9594 93929190898887 868584 8382818079787776
P142/SCK20/SCL20 O=~— 1 75 f=—O P157/ANI15
P141/PCLBUZ1/INTP7 O=— 2 O 74 ——C0O AVss
P140/PCLBUZ0/INTP6 O=— 3 73 ——CO AVRero
P120/INTPO/EXLVI O=— 4 72 [=—=O P111/ANO1
P47/INTP2 O=— 5 71 |+=—O P110/ANOO
P46/INTP1/T105/TO05 O=—=| 6 70 —CO AVRer1
P45/SO01 O=—= 7 69 [+—O P10/EX24/SCKO00
P44/S101 O=— 8 68 [«—=O P11/EX25/SI00/RxD0
P43/SCK01 O=—| 9 67 [=—=O P12/EX26/SO00/TxD0
P42/T104/TO04 O=—~{ 10 66 [~—O P13/EX27/TxD3
P41/TOOL1 O=— 11 65 [=—=O P14/EX28/RxD3
P40/TOOLO O=—| 12 64 [+=—=O P15/EX29/RTCDIV/RTCCL
RESET O—— 13 63 [=—=O P16/EX30/TI01/TO01/INTP5
P124/XT2 O—{ 14 62 [~—O P17/EX31/T102/TO02
P123/XT1 O——{ 15 61 [=—=O P57/EX15
FLMDO O—— 16 60 [=—=O P56/EX14
P122/X2/EXCLK O—{ 17 59 [«—O P55/EX13
P121/X1 O—— 18 58 |=—-O P54/EX12
REGC O—— 19 57 |=—O P53/EX11
Vss O— 20 56 [+~—=O P52/EX10
EVsso O— 21 55 |=—O P51/EX9
Voo O— 22 54 |=—(O P50/EX8
EVooo O—— 23 53 ——O EVoo1
P60/SCLO O—=— 24 52 [=—=O P30/INTP3/RTC1HZ
P61/SDA0 O=—{ 25 51 [~—O P87/EX7
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Cautions 1.
2.
3.
4,

Remark

Make AVss, EVsso, and EVss1 the same potential as Vss.

Make EVobo and EVop1 the same potential as Vop.

Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).

P20/ANIO to P27/ANI7 and P150/ANI8 to P157/ANI15 are set as analog inputs in the order of
P157/ANI15, ..., P150/ANI8, P27/ANI7, ..., P20/ANIO by the A/D port configuration register
(ADPC). When using P20/ANIO to P27/ANI7 and P150/ANI8 to P157/ANI15 as analog inputs,
start designing from P157/ANI15 (see 11.3 (6) A/D port configuration register (ADPC) for
details).

When using the microcontroller for an application where the noise generated inside the microcontroller

must be reduced, it is recommended to supply separate powers to the Vbop and two EVbp pins and

connect the Vss and two EVss pins to separate ground lines.
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CHAPTER 1 OUTLINE

Pin Identification

ANIO to ANI15:
ANOO, ANOT:
ASTB:

AVReFo, AVREF1:
AVss :
CLKOUT:
EVopo, EVop1:
EVsso, EVsst:
EXO0 to EX31:
EXCLK:

EXLVI:

FLMDO:

INTPO to INTP11:
KRO to KR7:

P00 to PO6:
P10to P17:

P20 to P27:

P30, P31:

P40 to P47:

P50 to P57:

P60 to P67:

P70 to P77:

P80 to P87:
P110, P111:
P120 to P124:
P130, P131:
P140 to P145:
P150 to P157:
PCLBUZ0, PCLBUZ1:

24

Analog input

Analog output

Address strobe

Analog reference voltage
Analog ground

Clock output

Power supply for port
Ground for port

External extension bus

External clock input
(main system clock)

External potential input
for low-voltage detector

Flash programming mode
External interrupt input
Key return

Port 0

Port 1

Port 2

Port 3

Port 4

Port 5

Port 6

Port 7

Port 8

Port 11

Port 12

Port 13

Port 14

Port 15

Programmable clock output/
buzzer output

RD:
REGC:
RESET:
RTC1HZ:

RTCCL:
RTCDIV:

RxDO0 to RxD3:
SCKO00, SCKo1,
SCK10, SCK20:

Read strobe
Regulator capacitance
Reset

Real-time counter correction clock
(1 Hz) output

Real-time counter clock (32 kHz
original oscillation) output

Real-time counter clock (32 kHz
divided frequency) output

Receive data

Serial clock input/output

SCLO, SCL10, SCL20: Serial clock input/output
SDAO, SDA10, SDA20:Serial data input/output

SI00, SI01,
SI10, SI20:
S000, SO01,
S0O10, SO20:
TIOO to TIO7:
TOO00 to TOO07:
TOOLO:
TOOLT:

TxDO to TxD3:
Vob:

Vss:

WAIT:

WRO:

WRT:

X1, X2:

XT1, XT2:
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Serial data input

Serial data output
Timer input

Timer output

Data input/output for tool
Clock output for tool
Transmit data

Power supply

Ground

Wait

Lower byte write strobe
Upper byte write strobe

Crystal oscillator (main system
clock)

Crystal oscillator (subsystem clock)



CHAPTER 1 OUTLINE

1.6 78KO0R/Kx3 Microcontroller Lineup

ROM RAM 78KOR/KE3 78K0OR/KF3 78KOR/KG3 78KOR/KH3 78KOR/KJ3
64 Pins 80 Pins 100 Pins 128 Pins 144 Pins
512 KB | 30 KB - - 4PD78F1168 uPD78F1178 1PD78F1188A
4PD78F1168A 1PD78F1178A
384 KB | 24 KB - - uPD78F1167 uPD78F1177 ©PD78F1187A
uPD78F1167A #PD78F1177A
256 KB | 12 KB uPD78F1146 1PD78F1156 4PD78F1166 HPD78F1176 1PD78F1186A
uPD78F1146A uPD78F1156A HPD78F1166A uPD78F1176A
192 KB | 10 KB uPD78F1145 pPD78F1155 4PD78F1165 uPD78F1175 1PD78F1185A
#PD78F1145A #PD78F1155A uPD78F1165A #PD78F1175A
128 KB | 8 KB uPD78F1144 pPD78F1154 uPD78F1164 pPD78F1174 1PD78F1184A
HPD78F1144A 1PD78F1154A HPD78F1164A HPD78F1174A
96 KB 6 KB #PD78F1143 #PD78F1153 uPD78F1163 - -
1PD78F1143A 1PD78F1153A 4PD78F1163A
64 KB 4 KB #PD78F1142 #PD78F1152 uPD78F1162 - -
pPD78F1142A pPD78F1152A uPD78F1162A
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CHAPTER 1 OUTLINE

1.7 Block Diagram

TI00/PO0 —
TOO00/PO1 =—

TIO1/TO01/P16 ~—

TI02/TO02/P17 ~—

TIO3/TO03/P31 ~—

TI04/TO04/P42 ~—

TIO5/TO05/P46 ~—1

TIO6/TO06/P131 ~—

TIO7/TO07/P145 ~—
RxD3/P14 (LINSEL) —]

Timer array
unit (8 ch)

Cho

]

Q Q Q
= = =
w (S} -

[]
Q
E

I

RTCDIV/RTCCL/P15

Internal
low-speed
oscillator

¥

Window watchdog
timer

Real-time counter
RTC1HZ/P30 ~——|

RxDO/P11 —]
TXDO/P12 ~—
RxD1/P03 —
TxD1/P02 =—

SCKO0/P10 =—
SIoo/P11 ——
SO000/P12 =—
SCKO01/P43 =—
S101/P44 —
S001/P45 =—
SCK10/P04 ~—
SI10/P03 —
SO10/P02 =

SCL10/P04 =—
SDA10/P03 ~—

Serial array

unit O (4 ch)
UARTO
UART1
- Csloo
et cslo1
- csi1o

liC1

SCK20/P142 ~—{
S120/P143 —
S020/P144 =—
SCL20/P142 -—]
SDA20/P143 ~—

RxD2/P143 —
TxD2/P144 «—

RxD3/P14 —
TxD3/P13 =—

Serial array
unit 1 (4 ch)

. Csl20

lic2

UART2
|| UART3
i

SDAQ/P61 ~—m
SCLO/P60 ~—=

RxD3/P14 (LINSEL) j

INTPO/P120
INTP1/P46,
INTP2/P47

INTP3/P30,
INTP4/P31

INTP5/P16 ——

INTP6/P140,
INTP7/P141

INTP8/P74 to
INTP11/P77

EX0/P80 to
EX7/P87

EX8/P50 to
EX15/P57

EX16/P70 to
EX23/P77

EX24/P10 to
EX31/P17 <:I|

26

Serial interface 11C0O

-

Interrupt control

External extention

K=

EXLVI/P120

A rme_Jermanm
= BT
e I o
e Jromn
T
T
e Jeromaor
e T
K> Port 11 K2 >P110, P111
“ Port 12 P
© K 2 1P121 1o P124
P130
- Port 13 P13t
- Port 14 K6 >P140t0 P145
) Port 15 K8 >P150to P157
78K/OR Flash
CPU memory
core
Buzzer output
@ @ Y R [2_>PCLBUZO/P140, PCLBUZ1/P141
Clock output control
@ “ ANIO/P20 to
ANI7/P27
<:> ANI8/P150 to
RAM A/D converter ANI15/P157
AVrero
AVss
ANOO0/P110,
ANO1/P111
<:> D/A converter AVrer1
AVss
KRO/P70 to
A Yoy
. Direct memory
access control
Power on clear/ POC/LVI
low voltage indicator| control
Reset control
- Multiplier
- ~——~TOOLO/P40
‘ ()| On-chip debug TOOL1/P41
Voo, Vss, FLMDO BCD
EVooo, EVsso, “ X
EVoor EVsst adjustment
~—RESET
X1/P121
System control X2/EXCLK/P122
XT1/P123
XT2/P124
Internal
high-speed
oscillator

Voltage regulator REGC
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CHAPTER 1 OUTLINE

1.8 Outline of Functions

(1/2)
Item 1PD78F1162, | uPD78F1163, | uPD78F1164, | ,PD78F1165, | xPD78F1166, | .PD78F1167, | uPD78F1168,
uPD78F1162A|4PD78F1163A|PD78F1164A | PD78F1165A | PD78F1166A | uPD78F1167A| 4PD78F1168A
Internal Flash memory 64 KB 96 KB 128 KB 192 KB 256 KB 384 KB 512 KB
memory (self-programming
supported)
RAM 4 KB 6 KB 8 KB 10 KB 12 KB 24 KB 30 KB
Memory space 1 MB
External memory expansion 888 KB max.| 824 KB max. 760 KB max.| 696 KB max.| 568 KB max.| 440 KB max.
space
Main system | High-speed X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
clock system clock 21020 MHz: Voo =2.7t05.5V,21t0 5 MHz: Voo =1.8t0 5.5V
(Oscillation Internal high- Internal oscillation
frequency) | gpeed oscillation | 8 MHz (TYP.): Voo = 1.8 10 5.5 V
clock
Subsystem clock XT1 (crystal) oscillation
(Oscillation frequency) 32.768 kHz (TYP.): Vop =1.8t0 5.5V
Internal low-speed oscillation Internal oscillation
clock (For WDT) 240 kHz (TYP.): Voo =1.8t0 5.5V
General-purpose register 8 bits x 32 registers (8 bits x 8 registers x 4 banks)
Minimum instruction execution 0.05 us (High-speed system clock: fux = 20 MHz operation)
time 0.125 us (Internal high-speed oscillation clock: fin = 8 MHz (TYP.) operation)
61 us (Subsystem clock: fsus = 32.768 kHz operation)
Instruction set o 8-bit operation, 16-bit operation
e Multiply (8 bits x 8 bits)
e Bit manipulation (Set, reset, test, and Boolean operation), etc.
1/0 port Total: 88
CMOS 1/0: 79
CMOS input: 4
CMOS output: 1
N-ch open-drain I/O (6 V tolerance): 4
Timer e 16-bit timer: 8 channels
e Watchdog timer: 1 channel
¢ Real-time counter: 1 channel
Timer outputs 8 (PWM output: 7)
RTC outputs 2
e 1 Hz (Subsystem clock: fsus = 32.768 kHz)
e 512 Hz or 16.384 kHz or 32.768 kHz (Subsystem clock: fsus = 32.768 kHz)
Clock output/buzzer output 2
e 2.44 kHz, 4.88 kHz, 9.76 kHz, 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz
(peripheral hardware clock: fuan = 20 MHz operation)
e 256 Hz, 512 Hz, 1.024 kHz, 2.048 kHz, 4.096 kHz, 8.192 kHz, 16.384 kHz, 32.768 kHz
(Subsystem clock: fsus = 32.768 kHz operation)
A/D converter 10-bit resolution x 16 channels (AVrero = 2.3 to 5.5 V)
D/A converter 8-bit resolution x 2 channels (AVrer1 = 1.8 t0 5.5 V)
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2/2)

ltem

HPD78F1162,
HPD78F1162A

4PD78F1163,
4PD78F1163A

uPD78F1164,
HPD78F1164A

4PD78F1165,
4PD78F1165A

4PD78F1166,
uPD78F1166A

4PD78F1167,
4PD78F1167A

4PD78F1168,
1PD78F1168A

Serial interface

e UART supporting LIN-bus: 1 channel
e CSI: 2 channels/UART: 1 channel

e CSI: 1 channel/lUART: 1 channel/simplified I°C: 1 channel
e CSI: 1 channel/lUART: 1 channel/simplified I°C: 1 channel
e I°C bus: 1 channel

Multiplier 16 bits x 16 bits = 32 bits
DMA controller 2 channels

Vectored interrupt | Internal 28

sources External 13

Key interrupt

Key interrupt (INTKR) occurs by detecting falling edge of the key input pins (KRO to KR7).

Reset

e Reset by RESET pin
¢ Internal reset by watchdog timer

¢ Internal reset by power-on-clear

o Internal reset by low-voltage detector

o Internal reset by illegal instruction execution

Note

On-chip debug function

Provided

Power supply voltage

Voo=1.8t05.5V

Operating ambient temperature

Ta=-40to +85°C

Package

100-pin plastic LQFP (14 x 20) (0.65 mm pitch)
100-pin plastic LQFP (14 x 14) (fine pitch) (0.5 mm pitch)

Note When instruction code FFH is executed.

Reset by the illegal instruction execution not issued by emulation with the in-circuit emulator or on-chip

debug emulator.

28
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CHAPTER 2 PIN FUNCTIONS

2.1 Pin Function List

There are five types of pin I/O buffer power supplies: AVRrero, AVRer1, EVbpo, EVop1, and Vop. The relationship

between these power supplies and the pins is shown below.

Table 2-1. Pin I/0 Buffer Power Supplies

Power Supply

Corresponding Pins

AVRerFo

P20 to P27, P150 to P157

AVRerF1

P110, P111

EVopo, EVbp1

o Port pins other than P20 to P27, P110, P111,
P121 to P124,

and P150 to P157

e RESET and FLMDO pins

Vop

e P121to P124

o Pins other than port pins (excluding RESET and

FLMDO pins)

User’s Manual

U17894EJ9VOUD
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CHAPTER 2 PIN FUNCTIONS

(1) Port functions (1/2)

Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.

Function Name /0 Function After Reset Alternate Function
P00 110 Port 0. Input port TIOO
o2 Input of PO3 and P04 can be set to TTL input buffer. SO10/TxD1
Output of P02 to P04 can be set to N-ch open-drain output X
P03 (Voo tolerance). SI10/RxD1/SDA10
P04 Input/output can be specified in 1-bit units. SCK10/SCL10
P05 Use of an on.-ch|p pull-up resistor can be specified by a CLKOUT
software setting.
P06 WAIT
P10 110 Port 1. Input port SCKO0/EX24
P11 8-bit /O port. SI00/RxDO/EX25
Input/output can be specified in 1-bit units.
P12 . . - SO00/TxD0O/EX26
Use of an on-chip pull-up resistor can be specified by a
P13 software setting. TxD3/EX27
P14 RxD3/EX28
P15 RTCDIV/RTCCL/EX29
P16 TIO1/TOO01/INTP5/
EX30
P17 TI02/TO02/EX31
P20 to P27 110 Port 2. Digital input | ANIO to ANI7
8-bit I/0 port. port
Input/output can be specified in 1-bit units.
P30 110 Port 3. Input port RTC1HZ/INTP3
P31 2-bit I/O port. TIO3/TOO03/INTP4
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P4Q™* /10 Port 4. Input port TOOLO
P41 8-bit /0 port. TOOL1
a2 Input of P43 and P44 can be set to TTL input buffer. T104/T004
Output of P43 and P45 can be set to N-ch open-drain output 0 0
P43 (Voo tolerance). SCKOT1
P44 Input/output can be specified in 1-bit units. S101
P45 Use of an on'-chlp pull-up resistor can be specified by a S001
software setting.
P46 INTP1/T105/TO05
P47 INTP2
P50 to P57 110 Port 5. Input port EX8 to EX15
8-bit I/O port.

Note If on-chip debugging is enabled by using an option byte, be sure to pull up the P40/TOOLO pin externally
(see Caution in 2.2.5 P40 to P47 (port 4)).

30
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CHAPTER 2 PIN FUNCTIONS

(1) Port functions (2/2)

Function Name /0 Function After Reset Alternate Function
P60 110 Port 6. Input port SCLO
Output of P60 to P63 can be set to N-ch open-drain output (6
P62 -
V tolerance).
P63 Input/output can be specified in 1-bit units. -
P64 For only P64 to P67, use of an on-chip pull-up resistor can be RD
P65 specified by a software setting. WRO
P66 WR1
P67 ASTB
P70 to P73 110 Port 7. Input port KRO/EX16 to KR3/
8-bit I/0 port. EX19
Input/output can be specified in 1-bit units.
P74 to P77 . . - KR4/EX20/INTP8 to
Use of an on-chip pull-up resistor can be specified by a
. KR7/EX23/INTP11
software setting.
P80 to P87 110 Port 8. Input port EXO to EX7
8-bit 1/0 port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P110 1/0 Port 11. Input port ANOO
2-bit 1/0 port.
P11 Input/output can be specified in 1-bit units. ANOT
P120 110 Port 12. Input port INTPO/EXLVI
P121 Input 1-bit I/O port and 4-bit input port. X1
For only P120, use of an on-chip pull-up resistor can be
P122 . . X2/EXCLK
specified by a software setting.
P123 XT1
P124 XT2
P130 Output | Port 13. Output port -
1-bit output port and 1-bit I/O port.
P131 110 For only P131, use of an on-chip pull-up resistor can be Input port T106/TO06
specified by a software setting.
P140 110 Port 14. Input port PCLBUZO0/INTP6
P141 6-bit I/O port. PCLBUZ1/INTP7
b Input of P142 and P143 can be set to TTL input buffer. SCIE0/SCL
142 Output of P142 to P144 can be set to the N-ch open-drain SCK20/SCL20
P143 output (Voo tolerance). SI120/RxD2/SDA20
P144 Input/output can be specified in 1-bit units. S020/TxD2
P145 Use of an on'-chlp pull-up resistor can be specified by a TI07/TO07
software setting.
P150 to P157 | I/O Port 15. Digital input | ANI8 to ANI15
8-bit I/O port. port
Input/output can be specified in 1-bit units.

User's Manual U17894EJ9VOUD



CHAPTER 2 PIN FUNCTIONS

(2) Non-port functions (1/3)

Function Name I/0 Function After Reset Alternate Function
ANIO to ANI7 | Input A/D converter analog input Digital input| P20 to P27
port
ANI8 to ANI15 | Input A/D converter analog input Digital input| P150 to P157
port
ANOO Output | D/A converter analog output Input port | P110
ANO1 Output | D/A converter analog output Input port | P111
CLKOUT Output | External expansion clock output Input port P05
WAIT Input External wait input Input port | P06
RD Output | Read strobe signal output to external memory Input port P64
WRO Output | Write strobe to external memory (lower 8 bits) Input port P65
WR1 Output | Write strobe to external memory (higher 8 bits) Input port P66
ASTB Output | Address strobe signal output to external memory Input port P67
EXO to EX7 1/0 External expansion 1/O Input port P80 to P87
EX8 to EX15 P50 to P57
EX16 to EX19 | Output | External expansion output P70/KRO0 to P73/KR3
EX20 to EX23 P74/KR4/INTP8 to
P77/KR7/INTP11
EX24 P10/SCK00
EX25 P11/RxD0/SI00
EX26 P12/TxD0/SO00
EX27 P13/TxD3
EX28 P14/RxD3
EX29 P15/RTCDIV/RTCCL
EX30 P16/T101/TO01/INTP5
EX31 P17/T102/TO02
EXLVI Input Potential input for external low-voltage detection Input port P120/INTPO
INTPO Input External interrupt request input for which the valid edge (rising Input port P120/EXLVI
INTP1 edge, falling edge, or both rising and falling edges) can be P46/TI05/TO05
specified
INTP2 P47
INTP3 P30/RTC1HZ
INTP4 P31/T103/TO03
INTP5 P16/T101/TO01/EX30
INTP6 P140/PCLBUZ0
INTP7 P141/PCLBUZ1
INTP8 P74/KR4/EX20 to
INTP9 P77/KR7/EX23
INTP10
INTP11
KRO to KR3 Input Key interrupt input Input port | P70/EX16 to P73/EX19
KR4 to KR7 P74/EX20/INTP8 to
P77/EX23/INTP11
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CHAPTER 2 PIN FUNCTIONS

(2) Non-port functions (2/3)

Function Name I/0 Function After Reset Alternate Function
PCLBUZ0 Output | Clock output/buzzer output Input port P140/INTP6
PCLBUZA P141/INTP7
REGC - Connecting regulator output (2.5 V) stabilization capacitance for - -
internal operation.
Connect to Vss via a capacitor (0.47 to 1 uF).
RTCDIV Output | Real-time counter clock (32 kHz divided frequency) output Input port P15/RTCCL/EX29
RTCCL Output | Real-time counter clock (32 kHz original oscillation) output Input port P15/RTCDIV/EX29
RTC1HZ Output | Real-time counter correction clock (1 Hz) output Input port P30/INTP3
RESET Input System reset input - -
RxDO Input Serial data input to UARTO Input port | P11/SI00/EX25
RxD1 Input Serial data input to UART1 Input port | PO3/SI10/SDA10
RxD2 Input Serial data input to UART2 Input port | P143/S120/SDA20
RxD3 Input Serial data input to UART3 Input port | P14/EX28
SCK00 1/0 Clock input/output for CSI00, CSI01, CSI10, and CSI20 Input port | P10/EX24
SCKo1 P43
SCK10 P04/SCL10
SCK20 P142/SCL20
SCLO 1/0 Clock input/output for I’C Input port | P60
SCL10 110 Clock input/output for simplified I°C Input port P04/SCK10
SCL20 110 Clock input/output for simplified I°C Input port P142/SCK20
SDAO 1/0 Serial data /O for I’C Input port | P61
SDA10 Serial data 1/O for simplified I°C Input port | PO3/SI10/RxD1
SDA20 Serial data 1/O for simplified I°C Input port | P143/SI120/RxD2
SI00 Input Serial data input to CSI00, CSI01, CSI10, and CSI20 Input port P11/RxD0/EX25
Sio1 P44
Si1o P03/RxD1/SDA10
SI20 P143/RxD2/SDA20
SO00 Output | Serial data output from CSI00, CSI01, CSI10, and CSI20 Input port | P12/TxDO/EX26
SO01 P45
SO10 P02/TxD1
S020 P144/TxD2
TIOO Input External count clock input to 16-bit timer 00 Input port P00
TIO1 External count clock input to 16-bit timer 01 P16/TO01/INTP5/EX30
TI02 External count clock input to 16-bit timer 02 P17/TO02/EX31
TIO3 External count clock input to 16-bit timer 03 P31/TO03/INTP4
TIO4 External count clock input to 16-bit timer 04 P42/TO04
TIO5 External count clock input to 16-bit timer 05 P46/INTP1/TO05
TIO6 External count clock input to 16-bit timer 06 P131/TO06
TIO7 External count clock input to 16-bit timer 07 P145/TO07
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CHAPTER 2 PIN FUNCTIONS

(2) Non-port functions (3/3)

Function Name I/0 Function After Reset Alternate Function
TOO00 Output | 16-bit timer 00 output Input port PO1
TOO1 16-bit timer 01 output P16/TI01/INTP5/EX30
TO02 16-bit timer 02 output P17/TI02/EX31
TO03 16-bit timer 03 output P31/TI03/INTP4
TOO04 16-bit timer 04 output P42/T104
TO05 16-bit timer 05 output P46/INTP1/T105
TOO06 16-bit timer 06 output P131/T106
TOO07 16-bit timer 07 output P145/T107
TxDO Output | Serial data output from UARTO Input port | P12/SO00/EX26
TxD1 Output | Serial data output from UART1 Input port P02/SO10
TxD2 Output | Serial data output from UART2 Input port | P144/S020
TxD3 Output | Serial data output from UART3 Input port | P13/EX27
X1 - Resonator connection for main system clock Input port P121
X2 - Input port | P122/EXCLK
EXCLK Input External clock input for main system clock Input port P122/X2
XT1 - Resonator connection for subsystem clock Input port P123
XT2 - Input port P124
Vop - Positive power supply (P121 to P124 and other than ports - -
(excluding RESET and FLMDO pins))
EVopo, EVop1 - Positive power supply for ports (other than P20 to P27, P110, - -
P111, P121 to P124, P150 to P157) and RESET and FLMDO
pins
AVReFo - o A/D converter reference voltage input - -
» Positive power supply for P20 to P27, P150 to P157, and A/D
converter
AVReF1 - o D/A converter reference voltage input - -
o Positive power supply for P110, P111, and D/A converter
Vss - Ground potential (P121 to P124 and other than ports (excluding - -
RESET and FLMDO pins))
EVsso, EVss1 - Ground potential for ports (other than P20 to P27, P110, P111, - -
P121 to P124, and P150 to P157) and RESET and FLMDO pins
AVss - Ground potential for A/D converter, D/A converter, P20 to P27, - -
P110, P111, and P150 to P157
FLMDO - Flash memory programming mode setting - -
TOOLO 1/0 Data 1/O for flash memory programmer/debugger Input port | P40
TOOL1 Output | Clock output for debugger Input port P41
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2.2 Description of Pin Functions

2.2.1 P00 to P06 (port 0)

P00 to P06 function as a 7-bit I/0O port. These pins also function as timer 1/O, serial interface data 1/O, clock 1/O,
internal system clock output, and external wait signal input.

Input to the PO3 and P04 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit units,
using port input mode register 0 (PIMO).

Output from the P02 to P04 pins can be specified as normal CMOS output or N-ch open-drain output (Vbp
tolerance) in 1-bit units, using port output mode register 0 (POMO).

The following operation modes can be specified in 1-bit units.

(1) Port mode
P00 to P06 function as a 7-bit I/O port. P00 to P06 can be set to input or output port in 1-bit units using port
mode register 0 (PMO0). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 0
(PUO).

(2) Control mode
P00 to P06 function as timer 1/O, serial interface data 1/O, clock I/O, internal system clock output, and external
wait signal input.

(a) TIOO
This is a pin for inputting an external count clock/capture trigger to 16-bit timer 00.

(b) TOO0
This is a timer output pin of 16-bit timer 00.

(c) Si1o
This is a serial data input pin of serial interface CSI10.

(d) so10
This is a serial data output pin of serial interface CSI10.

(e) SCK10
This is a serial clock 1/O pin of serial interface CSI10.

(f) TxD1
This is a serial data output pin of serial interface UART1.

(g) RxD1
This is a serial data input pin of serial interface UART1.

(h) SDA10
This is a serial data 1/O pin of serial interface for simplified I°C.

(i) SscL10
This is a serial clock 1/O pin of serial interface for simplified I°C.
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(j) CLKOUT
This is an internal system clock output pin.

(e) WAIT
This is an external wait signal input pin.

Caution To use P02/SO10/TxD1 and P04/SCK10/SCL10 as general-purpose ports, set serial
communication operation setting register 02 (SCR02) to the default status (0087H). In
addition, clear port output mode register 0 (POMO) to 00H.

2.2.2 P10 to P17 (port 1)

P10 to P17 function as an 8-bit I/O port. These pins also function as external interrupt request input, serial
interface data 1/O, clock I/O, timer 1/O, real-time counter clock output, and external expansion output.

The following operation modes can be specified in 1-bit units.

(1) Port mode
P10 to P17 function as an 8-bit I/O port. P10 to P17 can be set to input or output port in 1-bit units using port
mode register 1 (PM1). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 1
(PU1).

(2) Control mode

P10 to P17 function as external interrupt request input, serial interface data I/O, clock I/O, timer 1/O, real-time
counter clock output, and external expansion output.

(a) Sloo
This is a serial data input pin of serial interface CSIO00.

(b) Soo00
This is a serial data output pin of serial interface CSI00.

(c) SCKO00
This is a serial clock 1/0O pin of serial interface CSI00.

(d) RxDO
This is a serial data input pin of serial interface UARTO.

(e) RxD3
This is a serial data input pin of serial interface UARTS3.

(f) TxDO
This is a serial data output pin of serial interface UARTO.

(g) TxD3
This is a serial data output pin of serial interface UARTS3.

(h) TIO1, TIO2
These are the pins for inputting an external count clock/capture trigger to 16-bit timers 01 and 02.
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(i) TOO1, TOO02
These are the timer output pins of 16-bit timers 01 and 02.

(i) INTP5
This is an external interrupt request input pin for which the valid edge (rising edge, falling edge, or both rising
and falling edges) can be specified.

(k) RTCDIV
This is a real-time counter clock (32 kHz, divided) output pin.

() RTCCL
This is a real-time counter clock (32 kHz, original oscillation) output pin.

(m) EX24 to EX31
These are the external expansion output (address bus) pins.

Cautions 1. To use P10/SCKO00/EX24 and P12/SO00/TxD0/EX26 as general-purpose ports, set serial
communication operation setting register 00 (SCR00) to the default status (0087H).
2. Do not enable outputting RTCCL and RTCDIV at the same time.

2.2.3 P20 to P27 (port 2)
P20 to P27 function as an 8-bit I/O port. These pins also function as A/D converter analog input.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P20 to P27 function as an 8-bit I/O port. P20 to P27 can be set to input or output port in 1-bit units using port
mode register 2 (PM2).

(2) Control mode
P20 to P27 function as A/D converter analog input pins (ANIO to ANI7). When using these pins as analog input
pins, see 11.7 (6) ANIO/P20 to ANI7/P27 and ANI8/P150 to ANI15/P157.

Caution ANIO/P20 to ANI7/P27 are set in the digital input (general-purpose port) mode after release of
reset.

2.2.4 P30, P31 (port 3)

P30 and P31 function as a 2-bit I/O port. These pins also function as external interrupt request input, timer 1/0,
and real-time counter correction clock output.

The following operation modes can be specified in 1-bit units.

(1) Port mode
P30 and P31 function as a 2-bit I/O port. P30 and P31 can be set to input or output port in 1-bit units using port
mode register 3 (PM3). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 3
(PU3).
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(2) Control mode
P30 and P31 function as external interrupt request input, timer I/O, and real-time counter correction clock output.

(a) INTP3, INTP4
These are the external interrupt request input pins for which the valid edge (rising edge, falling edge, or both
rising and falling edges) can be specified.

(b) TIO3
This is a pin for inputting an external count clock/capture trigger to 16-bit timer 03.

(c) TOO3
This is a timer output pin from 16-bit timer 03.

(d) RTC1HZ
This is a real-time counter correction clock (1 Hz) output pin.

2.2.5 P40 to P47 (port 4)

P40 to P47 function as an 8-bit I/O port. These pins also function as external interrupt request input, serial
interface data 1/O, clock I/O, data I/O for a flash memory programmer/debugger, clock output, and timer I/O.

Input to the P43 and P44 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit units
using port input mode register 4 (PIM4).

Output from the P43 and P45 pins can be specified as normal CMOS output or N-ch open-drain output (Vop
tolerance) in 1-bit units using port output mode register 4 (POM4).

The following operation modes can be specified in 1-bit units.

(1) Port mode
P40 to P47 function as an 8-bit /0 port. P40 to P47 can be set to input or output port in 1-bit units using port
mode register 4 (PM4). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 4
(PU4).
Be sure to connect an external pull-up resistor to P40 when on-chip debugging is enabled (by using an option
byte).

(2) Control mode
P40 to P47 function as serial interface data I/O, clock I/O, external interrupt request input, data I/O for a flash
memory programmer/debugger, clock output, and timer 1/O.

(a) INTP1, INTP2
These are the external interrupt request input pins for which the valid edge (rising edge, falling edge, or both
rising and falling edges) can be specified.

(b) TOOLO

This is a data I/O pin for a flash memory programmer/debugger.
Be sure to pull up this pin externally when on-chip debugging is enabled (pulling it down is prohibited).
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(c) TOOL1
This is a clock output pin for a debugger.
When the on-chip debug function is used, P41/TOOL1 pin can be used as follows by the mode setting on the
debugger.
1-line mode: can be used as a port (P41).
2-line mode: used as a TOOL1 pin and cannot be used as a port (P41).

(d) TIO4, TIO5
These are the pins for inputting an external count clock/capture trigger to 16-bit timers 04 and 05.

(e) TOO04, TOO5
These are the timer output pins from 16-bit timers 04 and 05.

(f) SCKo1
This is a serial clock 1/O pin of serial interface CSIO1.

(g) Slo1
This is a serial data input pin of serial interface CSI01.

(h) Soo1
This is a serial data output pin of serial interface CSIO1.

Caution The function of the P40/TOOLO pin varies as described in (a) to (c) below.
In the case of (b) or (c), make the specified connection.

(a) In normal operation mode and when on-chip debugging is disabled (OCDENSET = 0) by
an option byte (000C3H)
=> Use this pin as a port pin (P40).
(b) In normal operation mode and when on-chip debugging is enabled (OCDENSET = 1) by
an option byte (000C3H)
=> Connect this pin to EVooo or EVpp1 via an external resistor, and always input a high
level to the pin before reset release.
(c) When on-chip debug function is used, or in write mode of flash memory programmer
=> Use this pin as TOOLO.
Directly connect this pin to the on-chip debug emulator or a flash memory
programmer, or pull it up by connecting it to EVooo or EVpp1 via an external resistor.

2.2.6 P50 to P57 (port 5)
P50 to P57 function as an 8-bit I/O port. These pins also function as external expansion I/O.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P50 to P57 function as an 8-bit I1/0 port. P50 to P57 can be set to input or output port in 1-bit units using port
mode register 5 (PM5). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 5
(PUS5).
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(2) Control mode
P50 to P57 function as external expansion 1/0.

(a) EX8to EX15
These are the external expansion I/O (multiplexed address/data bus, address bus, data bus) pins.

2.2.7 P60 to P67 (port 6)

P60 to P67 function as an 8-bit I/O port. These pins also function as serial interface data I/O, clock 1/O, read strobe
signal output, write strobe signal output, and address strobe signal output.

The following operation modes can be specified in 1-bit units.

(1) Port mode
P60 to P67 function as an 8-bit I/O port. P60 to P67 can be set to input port or output port in 1-bit units using port
mode register 6 (PM6). Only for P64 to P67, use of an on-chip pull-up resistor can be specified by pull-up resistor
option register 6 (PUB).
Output of P60 to P63 is N-ch open-drain output (6 V tolerance).

(2) Control mode
P60 to P67 function as serial interface data 1/O, clock I/O, read strobe signal output, write strobe signal output,
and address strobe signal output.

(a) SDAO
This is a serial data I/O pin of serial interface 11CO.

(b) SCLO
This is a serial clock 1/0O pin of serial interface [1CO.

(c) RD
This is a read strobe signal output pin.

(d) WRO
This is a write strobe signal output (8-bit bus mode, 16-bit bus mode (lower byte)) pin.

(e) WR1
This is a write strobe signal output (16-bit bus mode (higher byte)) pin.

(f) ASTB
This is an address strobe signal output pin.

2.2.8 P70 to P77 (port 7)

P70 to P77 function as an 8-bit I/O port. These pins also function as key interrupt input, external interrupt request
input, and external expansion output.

The following operation modes can be specified in 1-bit units.

(1) Port mode
P70 to P77 function as an 8-bit I1/0 port. P70 to P77 can be set to input or output port in 1-bit units using port
mode register 7 (PM7). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 7
(PU7).
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(2) Control mode
P70 to P77 function as key interrupt input, external interrupt request input, and external expansion output.

(a) KRO to KR7
These are the key interrupt input pins

(b) INTP8 to INTP11
These are the external interrupt request input pins for which the valid edge (rising edge, falling edge, or both
rising and falling edges) can be specified.

(c) EX16 to EX23
These are the external expansion output (address bus) pins.

2.2.9 P80 to P87 (port 8)
P80 to P87 function as an 8-bit I/O port. These pins also function as external expansion I/O.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P80 to P87 function as an 8-bit /0 port. P80 to P87 can be set to input or output port in 1-bit units using port
mode register 8 (PM8). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 8
(PUS8).

(2) Control mode
P80 to P87 function as external expansion 1/O.

(a) EXO to EX7
These are the external expansion I/O (multiplexed address/data bus, data bus) pins.

2.2.10 P110, P111 (port 11)
P110 and P111 function as a 2-bit I/O port. These pins also function as D/A converter analog output.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P110 and P111 function as a 2-bit I/O port. P110 and P111 can be set to input or output port in 1-bit units using
port mode register 11 (PM11).

(2) Control mode
P110 and P111 function as D/A converter analog output pins (ANOO, ANO1). When using these pins as analog
input pins, see 12.4.3 Cautions.

2.2.11 P120 to P124 (port 12)

P120 function as a 1-bit I/O port. P121 to P124 functions as a 4-bit input port. These pins also function as external
interrupt request input, potential input for external low-voltage detection, connecting resonator for main system clock,
connecting resonator for subsystem clock, and external clock input for main system clock.

The following operation modes can be specified in 1-bit units.
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(1)

)

Port mode

P120 functions as a 1-bit I/O port. P120 can be set to input or output port using port mode register 12 (PM12).
Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 12 (PU12).

P121 to P124 functions as a 4-bit input port.

Control mode

P120 to P124 function as external interrupt request input, potential input for external low-voltage detection,
connecting resonator for main system clock, connecting resonator for subsystem clock, and external clock input
for main system clock.

(a) INTPO
This is an external interrupt request input pin for which the valid edge (rising edge, falling edge, or both rising
and falling edges) can be specified.

(b) EXLVI
This is a potential input pin for external low-voltage detection.

(c) X1, X2
These are the pins for connecting a resonator for main system clock.

(d) EXCLK
This is an external clock input pin for main system clock.

(e) XT1, XT2
These are the pins for connecting a resonator for subsystem clock.

2.2.12 P130, P131 (port 13)

1

)

42

P130 functions as a 1-bit output port. P131 functions as a 1-bit I/O port. These pins also function as timer I/O.

Remark When the device is reset, P130 outputs a low level. Therefore, to output a high level from P130 before
the device is reset, the output signal of P130 can be used as a pseudo reset signal of the CPU (see the
figure for Remark in 4.2.12 Port 13).

Port mode

P130 functions as a 1-bit output port.

P131 functions as a 1-bit I/O port. P131 can be set to input or output port using port mode register 13 (PM13).
Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 13 (PU13).

Control mode
P131 functions as timer 1/O.

(a) TIO6
This is a pin for inputting an external count clock/capture trigger to 16-bit timer 06.

(b) TOO06
This is a timer output pin from 16-bit timer 06.
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2.2.13 P140 to P145 (port 14)

P140 to P145 function as a 6-bit I/O port. These pins also function as timer I/O, external interrupt request input,
clock/buzzer output, serial interface data 1/0, and clock I/O.

Input to the P142 and P143 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit units
using port input mode register 14 (PIM14).

Output from the P142 to P144 pins can be specified as normal CMOS output or N-ch open-drain output (Vop
tolerance) in 1-bit units using port output mode register 14 (POM14).

The following operation modes can be specified in 1-bit units.

(1) Port mode
P140 to P145 function as a 6-bit I/O port. P140 to P145 can be set to input or output port in 1-bit units using port
mode register 14 (PM14). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 14
(PU14).

(2) Control mode
P140 to P145 function as timer I/O, external interrupt request input, clock/buzzer output, serial interface data 1/0O,
and clock I/O.

(a) INTP6, INTP7
These are the external interrupt request input pins for which the valid edge (rising edge, falling edge, or both
rising and falling edges) can be specified.

(b) PCLBUZO, PCLBUZ1
These are the clock/buzzer output pins.

(c) TIO7
This is a pin for inputting an external count clock/capture trigger to 16-bit timer 07.

(d) TOO7
This is a timer output pin of 16-bit timer 07.

(e) SI20
This is a serial data input pin of serial interface CSI20.

(f) soO20
This is a serial data output pin of serial interface CSI20.

(g) SCK20
This is a serial clock 1/O pin of serial interface CSI20.

(h) TxD2
This is a serial data output pin of serial interface UART2.

(i) RxD2
This is a serial data input pin of serial interface UART2.

(j) SDA20
This is a serial data /O pin of serial interface for simplified I°C.
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(k) SCL20
This is a serial clock I/O pin of serial interface for simplified I°C.

2.2.14 P150 to P157 (port 15)
P150 to P157 function as an 8-bit I/O port. These pins also function as A/D converter analog input.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P150 to P157 function as an 8-bit /O port. P150 to P157 can be set to input or output port in 1-bit units using
port mode register 15 (PM15).

(2) Control mode
P150 to P157 function as A/D converter analog input pins (ANI8 to ANI15). When using these pins as analog
input pins, see 11.7 (6) ANIO/P20 to ANI7/P27 and ANI8/P150 to ANI15/P157.

Caution ANI8/P150 to ANI15/P157 are set in the digital input (general-purpose port) mode after release of
reset.

2.2.15 AVRero

This is the A/D converter reference voltage input pin and the positive power supply pin of P20 to P27, P150 to
P157, and A/D converter.

The voltage that can be supplied to AVRero varies as follows, depending on whether P20/ANIO to P27/ANI7 and
P150/ANI8 to P157/ANI15 are used as digital I/Os or analog inputs.

Table 2-2. AVrero Voltage Applied to P20/ANIO to P27/ANI7 and P150/ANI8 to P157/ANI15 Pins

Analog/Digital Voo Condition AVRero Voltage

Using at least one pin as an analog input and using all | 53V <Vpp <55V |2.3V < AVrero < Vop = EVooo = EVob1
pins not as digital 1/Os

Pins used as analog inputs and digital I/Os are 27V <Vop<55V |2.7V < AVRero < Voo = EVboo = EVop1
mixed"™®

23V <Vop<27V |AVrero has same potential as EVooo,
EVob1, and Voo

Using at least one pin as a digital /O and using all pins | 27V <Vpp <5.5V |2.7 V < AVrero < Voo = EViopo = EVopt
not as analog inputs"**®

1.8V <Vop<2.7V |AVRrero has same potential as EVooo,
EVob1, and Voo

Note AVrero is the reference for the 1/0 voltage of a port to be used as a digital port.
¢ High-/low-level input voltage (ViH4/VL4)
» High-/low-level output voltage (VoHz/VoL2)
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2.2.16 AVREF1

This is the D/A converter reference voltage input pin and the positive power supply pin of P110, P111, and the D/A
converter.

The voltage that can be supplied to AVRrer1 varies as follows, depending on whether P110/ANOO and P111/ANO1
are used as digital I/Os or analog outputs.

Table 2-3. AVrer1 Voltage Applied to P110/ANOO and P111/ANO1 Pins

Analog/Digital Voo Condition AVrer1 Voltage

Using at least one pin as an analog output and using all | 1.8 V <Vop <5.5V | 1.8 V < AVrer1 < Vop = EVopo = EVop1
pins not as digital 1/0s

Pins used as analog outputs and digital I/Os are 2.7V <Vop<55V |2.7V < AVrer1 < Vop = EVopo = EVob1

Note

mixed 1.8V <Vop <27V | AVrerr has same potential as EVooo,
EVob1, and Voo

Using at least one pin as a digital I/O and using all pins | 2.7V <Vopb <5.5V |2.7 V < AVrer1 < Vop = EVooo = EVob1

Note

not as analog outputs 1.8V <Vop <27V | AVrers has same potential as EVooo,
EVob1, and Vob

Note AVRrer1 is the reference for the 1/0 voltage of a port to be used as a digital port.
¢ High-/low-level input voltage (ViHs/ViLs)
» High-/low-level output voltage (VoHz/VoL2)

2.2.17 AVss

This is the ground potential pin of A/D converter, D/A converter, P20 to P27, P110, P111, and P150 to P157. Even
when the A/D converter and D/A converter are not used, always use this pin with the same potential as EVsso, EVss1,
and Vss.

2.2.18 RESET
This is the active-low system reset input pin.
When the external reset pin is not used, connect this pin directly or via a resistor to EVpoo or EVpp1.
When the external reset pin is used, design the circuit based on Vob.

2.2.19 REGC

This is the pin for connecting regulator output (2.5 V) stabilization capacitance for internal operation. Connect this
pin to Vss via a capacitor (0.47 to 1 xF). However, when using the STOP mode that has been entered since operation
of the internal high-speed oscillation clock and external main system clock, 0.47 uF is recommended.

Also, use a capacitor with good characteristics, since it is used to stabilize internal voltage.

: f REGC
1
1
1
1
1
1
!

H;""' Vss

Caution Keep the wiring length as short as possible for the broken-line part in the above figure.
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2.2.20 Voo, EVbbo, EVDbD1

Vob is the positive power supply pin for P121 to P124 and pins other than ports (excluding the 'RESET and FLMDO
pins).

EVppo and EVop1 are the positive power supply pins for ports other than P20 to P27, P110, P111, P121 to P124,
and P150 to P157 as well as for the RESET and FLMDO pins.

2.2.21 Vss, EVsso, EVssi
Vss is the ground potential pin for P121 to P124 and pins other than ports (excluding the RESET and FLMDO pins).
EVsso and EVss1 are the ground potential pins for ports other than P20 to P27, P110, P111, P121 to P124, and
P150 to P157 as well as for the RESET and FLMDO pins.

2.2.22 FLMDO
This is a pin for setting flash memory programming mode.
Perform either of the following processing.

(a) In normal operation mode
It is recommended to leave this pin open during normal operation.
The FLMDO pin must always be kept at the Vss level before reset release but does not have to be pulled
down externally because it is internally pulled down by reset. However, pulling it down must be kept selected
(i.e., FLMDPUP = “0”, default value) by using bit 7 (FLMDPUP) of the background event control register
(BECTL) (see 25.5 (1) Back ground event control register). To pull it down externally, use a resistor of
200 kQ or smaller.
Self programming and the rewriting of flash memory with the programmer can be prohibited using hardware,
by directly connecting this pin to the Vss pin.

(b) In self programming mode
It is recommended to leave this pin open when using the self programming function. To pull it down
externally, use a resistor of 100 kQ to 200 kQ.
In the self programming mode, the setting is switched to pull up in the self programming library.

(c) Inflash memory programming mode
Directly connect this pin to a flash memory programmer when data is written by the flash memory
programmer. This supplies a writing voltage of the Vop level to the FLMDO pin.
The FLMDO pin does not have to be pulled down externally because it is internally pulled down by reset. To
pull it down externally, use a resistor of 1 kQ to 200 kQ.
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2.3 Pin I/0 Circuits and Recommended Connection of Unused Pins

Table 2-4 shows the types of pin I/O circuits and the recommended connections of unused pins.

Table 2-4. Connection of Unused Pins (1/3)

Pin Name 1/0 Circuit Type I/0 Recommended Connection of Unused Pins
PO0/TI00 8-R 1/0 Input:  Independently connect to EVooo, EVop1, EVsso, or EVsst
P01/TO00 5-AG via a resistor.
Output: Leave open.
P02/SO10/TxD1
P03/SI10/RxD1/SDA10 5-AN
P04/SCK10/SCL10
PO5/CLKOUT 8-R
PO6/WAIT
P10/SCKO0/EX24
P11/S100/RxDO/EX25
P12/SO00/TxD0O/EX26 5-AG
P13/TxD3/EX27
P14/RxD3/EX28 8-R
P15/RTCDIV/RTCCL/EX29 5-AG
P16/T101/TO01/INTP5/EX30 | 8-R
P17/T102/TO02/EX31
P20/ANIO to P27/ANI7"* 11-G Input:  Independently connect to AVrero or AVss via a resistor.
Output: Leave open.
P30/RTC1HZ/INTP3 8-R Input:  Independently connect to EVooo, EVop1, EVsso, or EVsst
via a resistor.
P31/TI03/TO03/INTP4 Output: Leave open.
P40/TOOLO <When on-chip debugging is enabled>
Pull this pin up (pulling it down is prohibited).
<When on-chip debugging is disabled>
Input:  Independently connect to EVooo, EVop1, EVsso, or EVsst
via a resistor.
Output: Leave open.
P41/TOOL1 5-AG Input: Independently connect to EVooo, EVop1, EVsso, or EVsst
P42/TI04/TO04 8-R via a resistor.
JE— Output: Leave open.
P43/SCKO1 5-AN
P44/S101
P45/S001 5-AG
P46/T105/TO05/INTP1 8-R
P47/INTP2

Note P20/ANIO to P27/ANI7 are set in the digital input port mode after release of reset.
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CHAPTER 2 PIN FUNCTIONS

Table 2-4. Connection of Unused Pins (2/3)

Pin Name 1/0 Circuit Type I/0 Recommended Connection of Unused Pins
P50/EX8, P51/EX9 8-R /0 Input:  Independently connect to EVooo, EVop1, EVsso, or EVsst
P52/EX10 to P57/EX15 5-AG via a resistor.

Output: Leave open.
P60/SCLO 13-R Input:  Connect to EVsso or EVss1.
P61/SDAO Output: Set the port output latch to 0 and leave these pins open
ia low-level output.
P62, P63 13-P via low-level outpu
P64/RD 5-AG Input:  Independently connect to EVooo, EVoos, EVsso, or EVsst
P65/ WRO via a resistor.
J— Output: Leave open.
P66/WR1
P67/ASTB
P70/KRO/EX14 to 8-R
P73/KR3/EX19
P74/KR4/EX20/INTP8 to
P77/KR7/EX23/INTP11
P80/EX0 to P87/EX7 5-AG
P110/ANOO, P111/ANO1 12-G Input:  Independently connect to AVrert or AVss via a resistor.
Output: Leave open.
P120/INTPO/EXLVI 8-R Input:  Independently connect to EVooo, EVop1, EVsso, or EVss1
via a resistor.
Qutput: Leave open.
P121/X1""*! 37-B Input Independently connect to Vob or Vss via a resistor.
P122/X2/EXCLK"""
P123/XT1"""
P124/XT2"""
P130 3-C Qutput | Leave open.
P131/T106/TO06 8-R 1/0 Input:  Independently connect to EVooo, EVop1, EVsso, or EVsst
P140/PCLBUZO/INTP6 via a resistor.
Output: Leave open.
P141/PCLBUZ1/INTP7
P142/SCK20/SCL20 5-AN
P143/S120/RxD2/SDA20
P144/S020/TxD2 5-AG
P145/T107/TO07 8-R
P150/ANI8 to P157/ANI15""*? | 11-G Input: Independently connect to AVrero or AVss via a resistor.
Output: Leave open.
AVReFo - - Make this pin the same potential as EVooo, EVop1, or Vob.
See 2.2.15 AVrero when using P20 to P27 and P150 to P157.

Notes 1. Use recommended connection above in input port mode (see Figure 6-2 Format of Clock Operation
Mode Control Register (CMC)) when these pins are not used.
2. P150/ANI8 to P157/ANI15 are set in the digital input port mode after release of reset.
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CHAPTER 2 PIN FUNCTIONS

Table 2-4. Connection of Unused Pins (3/3)

Pin Name 1/0 Circuit Type I/0 Recommended Connection of Unused Pins
AVReF1 - - Make this pin the same potential as EVopo, EVpp1, or Voo.
See 2.2.16 AVrer1 when using P110 and P111.
AVss - - Make this pin the same potential as EVsso, EVss1, or Vss.
FLMDO 2-W - Leave open or connect to Vss via a resistor of 100 kQ or more.
RESET 2 Input Connect directly or via a resistor to EVooo or EVoo1.
REGC - - Connect to Vss via capacitor (0.47 to 1 uF).
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CHAPTER 2 PIN FUNCTIONS

Figure 2-1. Pin I/O Circuit List (1/2)

Type 2

Type 5-AG

Pull-up

EVDDo, EVDD1

enable

Data ———4

enable

EVDDo, EVDD1

P-ch

% IN/OUT
. X . . . L Output |«—N-ch
Schmitt-triggered input with hysteresis characteristics disable

EVsso, EVss1

Input

Type 2-W

Type 5-AN

Data—|><>—o out

EVDDo, EVDD1

Pull-up

EVbbo, EVbb1
LEVDDO, EVDD1

Pull-up
[>o

P-ch ] Pull-up enable

enable
Data
>
N-ch Pull-down Output
enable disable
EVsso, EVsst
777 EVsso, EVssi CMOS
G{@@
IN } 1 -
)i
TTL f
Schmitt-triggered input with hysteresis characteristics Input
characteristic
Type 3-C Type 8-R
EVDDo, EVDD1

enable
— —™ P-ch

~<— N-ch

Output

17 disable

EVsso, EVss1

EVbDo, EVDD1

Data 4":D—| P-ch

IN/OUT

~=—N-ch

EVsso, EVsst1

=
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CHAPTER 2 PIN FUNCTIONS

Figure 2-1. Pin I/O Circuit List (2/2)

Type 11-G

Output
disable

AVrero

P-ch

~*— N-ch

AVss

Comparator

Series resistor string voltage

AVss

o B

Input enable

——O INOUT

Type 13-R

Data
Output disable:DO—{

—OIN/OUT

N-ch

EVsso, EVssi1

-

Type 12-G

AVREF1

Type 37-B

Data
Output X H| N-ch

disable

EVsso, EVssi

Input

enable
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Data 41:D>_| P-ch
O IN/OUT O X2, XT2
Output ~«—N-ch Input
disable enable &
enable ya
AVss ~| ~— |>
z el
> >
Input
enable ,
P-ch O X1, XT1
Output analog voltage Input
N-ch |t enable
Type 13-P
»——O IN/OUT
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3.1 Memory Space
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CHAPTER 3 CPU ARCHITECTURE

Products in the 78KOR/KG3 can access a 1 MB memory space. Figures 3-1 to 3-7 show the memory maps.

Figure 3-1. Memory Map (¢PD78F1162, 78F1162A)

FFFFFH OFFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH [ General-purpose register
FFEEOH 82 bytes
FFEDFH
RANMNote 1 n
4 KB B Program area
FEFOOH
FEEFFH
A1 Mirror _
T 55.75 KB O1FFFH
F1000H
010CEH
FOFFFH
0 Reserved 010CDH On-chip debug security
FO800H ID setting areaN°te2
FO7FFH 010C4H 10 bytes
Special function register (2nd SFR) 010C3H Option byte areaN°te2
2KB 010COH 4 bytes
010BFH Boot cluster 1
FO000H CALLT table area ueter
EFFFFH 64 bytes
et Reserved 01080H
Data memory EE000H 0107FH
space EDFFFH
Vector table area
128 bytes
01000H
00FFFH
3 Program area
-L  External expansion area°t®’
888 KB max. 000CEH
000CDH On-chip debug security
ID setting areaN°te?
000C4H 10 bytes
000C3H Option byte arealete2 Boot cluster oNote 3
000COH 4 bytes
000BFH
CALLT table area
64 bytes
00080H
10000H 0007FH
OFFFFH
Program Vector table area
memory - FlangKe‘ranory 128 bytes
space
00000H 00000H
Notes 1. Instructions can be executed from the RAM area excluding the general-purpose register area, and from
the external expansion area.
2. When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug
security IDs to 000C4H to 000CDH.

When boot swap is used: Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and
the on-chip debug security IDs to 000C4H to 000CDH and 010C4H to
010CDH.

3. Writing boot cluster 0 can be prohibited depending on the setting of security (see 25.7 Security

Setting).
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CHAPTER 3 CPU ARCHITECTURE

Figure 3-2. Memory Map (.PD78F1163, 78F1163A)

Boot cluster oNote 3

FFFFFH 17FFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH| General-purpose register
FFEEOH 32 bytes
FFEDFH
RAMNole1 ’_
6 KB B Program area
FE700H
FE6FFH
1 Mirror e
T 53.75 KB I 01FFFH
F1000H 010CEH
FOFFFH 010CDH - -
Reserved On-chip debug security
FOB800H ID setting arealoe2
FO7FFH 010C4H 10 bytes
Special function register (2nd SFR) 010C3H Option byte areaN°te2
2 KB 010COH 4 bytes
010BFH Boot cluster 1
Egggg: CALLT table area
64 bytes
-L Reserved pt 01080H
Data memory EE000H 0107FH
space EDFFFH
Vector table area
128 bytes
01000H
00FFFH
- External expansion area™°!  -_ i p
824 KB max. = rogram area
000CEH
000CDH On-chip debug security
ID setting arealoe2
000C4H 10 bytes
000C3H Option byte areaNote?
000COH 4 bytes
000BFH
? E g g |0: : CALLT table area
18000H Reserved 00080H 64 bytes
17FFFH 0007FH
Program A Flash memory L Vector table area
memory - 96 KB I 128 bytes
space
00000H 00000H
Notes 1. Instructions can be executed from the RAM area excluding the general-purpose register area, and from
the external expansion area.
2. When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug

When boo

t swap is used:

security IDs to 000C4H to 000CDH.
Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and
the on-chip debug security IDs to 000C4H to 000CDH and 010C4H to

010CDH.

Writing boot cluster 0 can be prohibited depending on the setting of security (see 25.7 Security

Setting).
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CHAPTER 3 CPU ARCHITECTURE

Figure 3-3. Memory Map (PD78F1164, 78F1164A)

FFFFFH 1FFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH| General-purpose register
FFEEOH 32 bytes
FFEDFH
RAMNote 1 - Program area =
8 KB
FDFOOH
FDEFFH i
T 51.|7r;0}r<B 01FFFH
F1000H 010CEH
FOFFFH 010CDH . N
Reserved On-chip debug security
FO800H ID setting areaee?
FO7FFH 010C4H 10 bytes
Special function register (2nd SFR) 010C3H Option byte areaN°te2
2KB 010COH 4 bytes
010BFH Boot cluster 1
FO000H CALLT table area
EFFFFH 64 bytes
-~ Reserved 01080H
Data memory EE000H 0107FH
space EDFFFH
Vector table area
128 bytes
01000H
00FFFH
- External expansion area°t" 4 A
824 KB max. -~ Program area ~
000CEH
000CDH On-chip debug security
ID setting areal°te2
000C4H 10 bytes
000C3H Option byte areaMo'®2 Boot cluster oNote 3
000COH 4 bytes
000BFH
20000H CALLT table area
1FFFFH
64 bytes
00080H
0007FH
Fr:gg]frn; A Flash memory
space 128 KB Vector table area
128 bytes
00000H 00000H

Notes 1.

54

Instructions can be executed from the RAM area excluding the general-purpose register area, and from
the external expansion area.

When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug
security IDs to 000C4H to 000CDH.

Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and
the on-chip debug security IDs to 000C4H to 000CDH and 010C4H to
010CDH.

Writing boot cluster 0 can be prohibited depending on the setting of security (see 25.7 Security
Setting).

When boot swap is used:

User's Manual U17894EJ9VOUD



CHAPTER 3 CPU ARCHITECTURE

Figure 3-4. Memory Map (4PD78F1165, 78F1165A)

01FFFH

Boot cluster 1

FFFFFH 2FFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH | General-purpose register
FFEEOH 32 bytes
FFEDFH
RAMNote 1 3 Program area
10 KB
FD700H
FD6FFH
L Mirror
T 49.75 KB
st
Reserved 010CDH On-chip debug security
FO800H ID setting area°te?
FO7FFH 010C4H 10 bytes
Special function register (2nd SFR) 010C3H Option byte area°**?
2KB 010COH 4 bytes
010BFH
FOO000H CALLT table area
EFFFFH 64 bytes
ot Reserved 01080H
Data memory EE000H 0107FH
space EDFFFH
Vector table area
128 bytes
01000H
L External expansion areaNo'®! 00FFFH
T 760 KB max.
= Program area
000CEH
000CDH On-chip debug security
ID setting areal°te2
30000H 000C4H 10 bytes
FFFFH 000C3H Option byte arealete2
000COH 4 bytes
000BFH
CALLT table area
64 bytes
Program i Flash memor 00080H
memory - 192 KB y 0007FH
space
Vector table area
128 bytes
00000H 00000H
Notes 1. Instructions can be executed from the RAM area excluding the general-purpose register area, and from
the external expansion area.
2. When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug
security IDs to 000C4H to 000CDH.

When boot swap is used: Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and
the on-chip debug security IDs to 000C4H to 000CDH and 010C4H to
010CDH.

3. Writing boot cluster 0 can be prohibited depending on the setting of security (see 25.7 Security

Setting).
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CHAPTER 3 CPU ARCHITECTURE

Figure 3-5. Memory Map (PD78F1166, 78F1166A)

FFFFFH 3FFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH General-purpose register
FFEEOH 32 bytes
FFEDFH
RAMMNotes 1,2 - Program area o
12 KB
FCFOOH
FCEFFH [
L Mirror A 01FFFH
T 47.75 KB T
F1000H 010CEH
FOFFFH Reserved 010CDH On-chip debug security
FO800H ID setting area°te?
FO7FFH 010C4H 10 bytes
Special function register (2nd SFR) 010C3H Option byte areaN°te3
2KB 010COH 4 bytes
010BFH Boot cluster 1
Fo000H CALLT table area
EFFFFH 64 bytes
=&~ Reserved ot 01080H
Data memory EEQ00H 0107FH
space EDFFFH
Vector table area
128 bytes
L External expansion areaNete! | 01000H
T 696 KB max. T 00FFFH
=0 Program area =0
40000H 000CEH
3FFFFH 000CDH On-chip debug security
ID setting areal°te?
000C4H 10 bytes
000C3H Option byte areaN°e'®? Boot cluster ONete 4
000COH 4 bytes
000BFH
Program B Flash memory m CALIE:)-I; t;‘ybtltjsarea
memory B 256 KB T 00080H
space
0007FH
Vector table area
128 bytes
00000H 00000H I

Notes 1.

56

Instructions can be executed from the RAM area excluding the general-purpose register area, and from

the external expansion area.

Use of the area FCFOOH to FD6FFH is prohibited when using the self-programming function, since this

area is used for self-programming library.

When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug
security IDs to 000C4H to 000CDH.

When boot swap is used: Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and
the on-chip debug security IDs to 000C4H to 000CDH and 010C4H to
010CDH.

Writing boot cluster 0 can be prohibited depending on the setting of security (see 25.7 Security

Setting).
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CHAPTER 3 CPU ARCHITECTURE

Figure 3-6. Memory Map (.PD78F1167, 78F1167A)

space

Boot cluster QNete3

FFFFFH SFFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH | General-purpose register
FFEEOH 82 bytes
FFEDFH
RAMNete 1 = Program area
24 KB
FOFOOH
FOEFFH
L Mirror
T 35.75 KB OTFFFH
F1000H 010CEH
FOFFFH 010CDH
Reserved On-chip debug security
FO800H ID setting area°te2
FOTFFH 010C4H 10 bytes
Special function register (2nd SFR) 010C3H Option byte area°**?
2 KB 010COH 4 bytes
010BFH Boot cluster 1
FOOOOH CALLT table area
EFFFFH 64 bytes
st Reserved 01080H
Data memory EE000H 0107FH
EDFFFH
Vector table area
128 bytes
01000H
L External expansion area°te’ 00FFFH
T 568 KB max.
0~ Program area
000CEH
000CDH On-chip debug security
ID setting areal°te?
60000 H 000C4H 10 bytes
5FFFFH 000C3H Option byte areaN°'e2
000COH 4 bytes
000BFH
CALLT table area
64 bytes
Program €L Flash memory 00080H
memory T 384 KB 0007FH
space
Vector table area
128 bytes
00000H 00000H

Notes 1.

Instructions can be executed from the RAM area excluding the general-purpose register area, and from

the external expansion area.
When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug
security IDs to 000C4H to 000CDH.

When boot swap is used:

Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and

the on-chip debug security IDs to 000C4H to 000CDH and 010C4H to

010CDH.

Writing boot cluster 0 can be prohibited depending on the setting of security (see 25.7 Security
Setting).
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Figure 3-7. Memory Map (PD78F1168, 78F1168A)

FFFFFH TFFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH General-purpose register
FFEEOH 32 bytes
FFEDFH
RAMNotes 1,2 - Program area o
30 KB
F8700H
F86FFH
L Mirror 01FFFH
T 29.75 KB
F1000H 010CEH
FOFFFH
Reserved 010CDH On-chip debug security
FO800H ID setting area°te?
FO7FFH 010C4H 10 bytes
Special function register (2nd SFR) 010C3H Option byte areaN°te3
2KB 010COH 4 bytes
010BFH
FO000H CALLT table area Boot cluster 1
EFFFFH 64 bytes
=~ Reserved 01080H
Data memory EEQO0O0H 0107FH
space EDFFFH
Vector table area
128 bytes
L External expansion areaNe! 01000H
T 440 KB max. 00FFFH
=0 Program area iy
80000H 000CEH
7FFFFH 000CDH On-chip debug security
ID setting areaN°te 3
000C4H 10 bytes
000C3H Option byte areaNo'®? Boot cluster oNote
000COH 4 bytes
000BFH
Program B Flash memory CALIE:)-I; t;‘ybtltjsarea
memory T 512 KB 00080H
space
0007FH
Vector table area
128 bytes
00000H 00000H

Notes 1.

58

Instructions can be executed from the RAM area excluding the general-purpose register area, and from
the external expansion area.

Use of the area F8700H to FBEFFH is prohibited when using the self-programming function, since this
area is used for self-programming library.

When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug
security IDs to 000C4H to 000CDH.

Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and
the on-chip debug security IDs to 000C4H to 000CDH and 010C4H to
010CDH.

Writing boot cluster 0 can be prohibited depending on the setting of security (see 25.7 Security
Setting).

When boot swap is used:
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CHAPTER 3 CPU ARCHITECTURE

Remark The flash memory is divided into blocks (one block = 2 KB). For the address values and block numbers,
see Table 3-1 Correspondence Between Address Values and Block Numbers in Flash Memory.

TFFFFH

7F800H
TFTFFH

Block FFH

00FFFH

00800H
007FFH

00000H

Block O1H

Block 00H 2 KB
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CHAPTER 3 CPU ARCHITECTURE

Correspondence between the address values and block numbers in the flash memory are shown below.

Table 3-1. Correspondence Between Address Values and Block Numbers in Flash Memory (1/2)

Address Value Block Address Value Block Address Value Block Address Value Block
Number Number Number Number
00000H to 007FFH | OOH 10000H to 107FFH | 20H 20000H to 207FFH | 40H 30000H to 307FFH | 60H
00800H to 0OFFFH | 01H 10800H to 10FFFH | 21H 20800H to 20FFFH | 41H 30800H to 30FFFH |61H
01000H to 017FFH | 02H 11000H to 117FFH | 22H 21000H to 217FFH | 42H 31000H to 317FFH | 62H
01800H to 01FFFH | O3H 11800H to 11FFFH | 23H 21800H to 21FFFH | 43H 31800H to 31FFFH | 63H
02000H to 027FFH | 04H 12000H to 127FFH | 24H 22000H to 227FFH | 44H 32000H to 327FFH | 64H
02800H to 02FFFH | 05H 12800H to 12FFFH | 25H 22800H to 22FFFH | 45H 32800H to 32FFFH | 65H
03000H to 037FFH | 06H 13000H to 137FFH | 26H 23000H to 237FFH | 46H 33000H to 337FFH | 66H
03800H to 03FFFH | 07H 13800H to 13FFFH | 27H 23800H to 23FFFH | 47H 33800H to 33FFFH | 67H
04000H to 047FFH | 08H 14000H to 147FFH | 28H 24000H to 247FFH | 48H 34000H to 347FFH | 68H
04800H to 04FFFH | 09H 14800H to 14FFFH | 29H 24800H to 24FFFH | 49H 34800H to 34FFFH | 69H
05000H to 057FFH | OAH 15000H to 157FFH | 2AH 25000H to 257FFH | 4AH 35000H to 357FFH | 6AH
05800H to 05FFFH | OBH 15800H to 15FFFH | 2BH 25800H to 25FFFH | 4BH 35800H to 35FFFH | 6BH
06000H to 067FFH | OCH 16000H to 167FFH | 2CH 26000H to 267FFH | 4CH 36000H to 367FFH | 6CH
06800H to 06FFFH | ODH 16800H to 16FFFH | 2DH 26800H to 26FFFH | 4DH 36800H to 36FFFH | 6DH
07000H to 077FFH | OEH 17000H to 177FFH | 2EH 27000H to 277FFH | 4EH 37000H to 377FFH | 6EH
07800H to 07FFFH | OFH 17800H to 17FFFH | 2FH 27800H to 27FFFH | 4FH 37800H to 37FFFH | 6FH
08000H to 087FFH | 10H 18000H to 187FFH | 30H 28000H to 287FFH | 50H 38000H to 387FFH | 70H
08800H to 08FFFH | 11H 18800H to 18FFFH | 31H 28800H to 28FFFH | 51H 38800H to 38FFFH | 71H
09000H to 097FFH | 12H 19000H to 197FFH | 32H 29000H to 297FFH | 52H 39000H to 397FFH | 72H
09800H to 09FFFH | 13H 19800H to 19FFFH | 33H 29800H to 29FFFH | 53H 39800H to 39FFFH | 73H
0AOO0OH to 0OA7FFH | 14H 1A000H to 1A7FFH | 34H 2A000H to 2A7FFH | 54H 3A000H to 3A7FFH | 74H
0A800H to OAFFFH | 15H 1A800H to 1AFFFH | 35H 2A800H to 2AFFFH | 55H 3A800H to 3AFFFH | 75H
0BOOOH to OB7FFH | 16H 1B0O0OH to 1B7FFH | 36H 2B000H to 2B7FFH | 56H 3B000H to 3B7FFH | 76H
0B80OH to OBFFFH | 17H 1B800H to 1BFFFH | 37H 2B800H to 2BFFFH | 57H 3B800H to 3BFFFH | 77H
0COO0OH to 0C7FFH | 18H 1CO00H to 1C7FFH | 38H 2C000H to 2C7FFH | 58H 3C000H to 3C7FFH | 78H
0C800H to OCFFFH | 19H 1C800H to 1CFFFH | 39H 2C800H to 2CFFFH | 59H 3C800H to 3CFFFH | 79H
ODOOOH to OD7FFH | 1AH 1DO00H to 1D7FFH | 3AH 2D000H to 2D7FFH | 5AH 3D000H to 3D7FFH | 7AH
0D800H to ODFFFH | 1BH 1D800H to 1DFFFH | 3BH 2D800H to 2DFFFH | 5BH 3D800H to 3DFFFH | 7BH
OEOO0O0H to OE7FFH | 1CH 1E000H to 1E7FFH | 3CH 2EO000H to 2E7FFH | 5CH 3EO000H to 3E7FFH | 7CH
OE800H to OEFFFH | 1DH 1E800H to 1EFFFH | 3DH 2E800H to 2EFFFH | 5DH 3E800H to 3EFFFH | 7DH
OFO0O0OH to OF7FFH | 1EH 1FO00H to 1F7FFH | 3EH 2F000H to 2F7FFH | 5EH 3F000H to 3F7FFH | 7EH
OF800H to OFFFFH | 1FH 1F800H to 1FFFFH | 3FH 2F800H to 2FFFFH | 5FH 3F800H to 3FFFFH | 7FH

Remark 4PD78F1162, 78F1162A:
uPD78F1163, 78F1163A:
uPD78F1164, 78F1164A:
#PD78F1165, 78F1165A:
uPD78F1166, 78F1166A:
uPD78F1167, 78F1167A:
#PD78F1168, 78F1168A:

60

Block numbers 00H to 1FH
Block numbers 00H to 2FH
Block numbers 00H to 3FH
Block numbers 00H to 5FH
Block numbers 00H to 7FH
Block numbers 00H to BFH
Block numbers 00H to FFH
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CHAPTER 3 CPU ARCHITECTURE

Table 3-1. Correspondence Between Address Values and Block Numbers in Flash Memory (2/2)

Address Value Block Address Value Block Address Value Block Address Value Block
Number Number Number Number
40000H to 407FFH 80H 50000H to 507FFH | AOH 60000H to 607FFH COH 70000H to 707FFH | EOH
40800H to 40FFFH 81H 50800H to 50FFFH | A1H 60800H to 60FFFH C1H 70800H to 70FFFH | E1H
41000H to 417FFH 82H 51000H to 517FFH | A2H 61000H to 617FFH C2H 71000H to 717FFH | E2H
41800H to 41FFFH 83H 51800H to 51FFFH | A3H 61800H to 61FFFH C3H 71800H to 71FFFH | E3H
42000H to 427FFH 84H 52000H to 527FFH | A4H 62000H to 627FFH C4H 72000H to 727FFH | E4H
42800H to 42FFFH 85H 52800H to 52FFFH | A5H 62800H to 62FFFH C5H 72800H to 72FFFH | E5H
43000H to 437FFH 86H 53000H to 537FFH | A6H 63000H to 637FFH CéH 73000H to 737FFH | E6H
43800H to 43FFFH 87H 53800H to 53FFFH | A7H 63800H to 63FFFH C7H 73800H to 73FFFH | E7H
44000H to 447FFH 88H 54000H to 547FFH | A8H 64000H to 647FFH C8H 74000H to 747FFH | E8H
44800H to 44FFFH 89H 54800H to 54FFFH | A9H 64800H to 64FFFH C9H 74800H to 74FFFH | E9H
45000H to 457FFH 8AH 55000H to 557FFH | AAH 65000H to 657FFH CAH 75000H to 757FFH | EAH
45800H to 45FFFH 8BH 55800H to 55FFFH | ABH 65800H to 65FFFH CBH 75800H to 75FFFH | EBH
46000H to 467FFH 8CH 56000H to 567FFH | ACH 66000H to 667FFH CCH 76000H to 767FFH | ECH
46800H to 46FFFH 8DH 56800H to 56FFFH | ADH 66800H to 66FFFH CDH 76800H to 76FFFH | EDH
47000H to 477FFH 8EH 57000H to 577FFH | AEH 67000H to 677FFH CEH 77000H to 777FFH | EEH
47800H to 47FFFH 8FH 57800H to 57FFFH | AFH 67800H to 67FFFH CFH 77800H to 77FFFH | EFH
48000H to 487FFH 90H 58000H to 587FFH | BOH 68000H to 687FFH DOH 78000H to 787FFH | FOH
48800H to 48FFFH 91H 58800H to 58FFFH | B1H 68800H to 68FFFH D1H 78800H to 78FFFH | F1H
49000H to 497FFH 92H 59000H to 597FFH | B2H 69000H to 697FFH D2H 79000H to 797FFH | F2H
49800H to 49FFFH 93H 59800H to 59FFFH | B3H 69800H to 69FFFH D3H 79800H to 79FFFH | F3H
4A000H to 4A7FFH 94H 5A000H to 5A7FFH | B4H 6A000H to 6A7FFH D4H 7A000H to 7A7FFH | F4H
4A800H to 4AFFFH 95H 5A800H to 5AFFFH | B5H 6A800H to 6AFFFH D5H 7A800H to 7AFFFH | F5H
4B000H to 4B7FFH 96H 5B000H to 5B7FFH | B6H 6B000H to 6B7FFH D6H 7B000H to 7B7FFH | F6H
4B800H to 4BFFFH 97H 5B800H to 5BFFFH | B7H 6B800H to 6BFFFH D7H 7B800H to 7BFFFH | F7H
4CO000H to 4C7FFH 98H 5C000H to 5C7FFH | B8H 6C000H to 6C7FFH | D8H 7CO00H to 7C7FFH | F8H
4C800H to 4CFFFH 99H 5C800H to 5CFFFH | BO9H 6C800H to 6CFFFH | D9H 7C800H to 7CFFFH | FOH
4DO000H to 4D7FFH 9AH 5D000H to 5D7FFH | BAH 6DO000H to 6D7FFH | DAH 7D000H to 7D7FFH | FAH
4D800H to 4DFFFH 9BH 5D800H to 5DFFFH | BBH 6D800H to 6DFFFH | DBH 7D800H to 7DFFFH | FBH
4EO000H to 4E7FFH 9CH 5E000H to 5E7FFH | BCH 6EO000H to 6E7FFH DCH 7EOQ00H to 7E7FFH | FCH
4E800H to 4EFFFH 9DH 5E800H to 5SEFFFH | BDH 6E800H to 6EFFFH DDH 7E800H to 7EFFFH | FDH
4FO000H to 4F7FFH 9EH 5F000H to 5F7FFH | BEH 6F000H to 6F7FFH DEH 7F000H to 7F7FFH | FEH
4F800H to 4FFFFH 9FH 5F800H to 5FFFFH | BFH 6F800H to 6FFFFH DFH 7F800H to 7FFFFH | FFH
Remark PD78F1162, 78F1162A: Block numbers O0H to 1FH
uPD78F1163, 78F1163A: Block numbers 00H to 2FH
uPD78F1164, 78F1164A: Block numbers O0H to 3FH
uPD78F1165, 78F1165A: Block numbers 00H to 5FH
uPD78F1166, 78F1166A: Block numbers 0O0H to 7FH
uPD78F1167, 78F1167A: Block numbers 00H to BFH
uPD78F1168, 78F1168A: Block numbers 00H to FFH
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3.1.1 Internal program memory space
The internal program memory space stores the program and table data.
78KOR/KGS3 products incorporate internal ROM (flash memory), as shown below.

(1)

62

Table 3-2. Internal ROM Capacity

Part Number

Internal ROM

Structure

Capacity

uPD78F1162, 78F1162A

uPD78F1163, 78F1163A

uPD78F1164, 78F1164A

uPD78F1165, 78F1165A

uPD78F1166, 78F1166A

uPD78F1167, 78F1167A

uPD78F1168, 78F1168A

Flash memory

65536 x 8 bits (00000H to OFFFFH)

98304 x 8 bits (00000H to 17FFFH)

131072 x 8 bits (00000H to 1FFFFH

196608 x 8 bits (00000H to 2FFFFH

393216 x 8 bits (00000H to 5FFFFH

( )
( )
262144 x 8 bits (00000H to 3FFFFH)
( )
( )

524288 x 8 bits (00000H to 7FFFFH

The internal program memory space is divided into the following areas.

Vector table area

The 128-byte area 00000H to 0007FH is reserved as a vector table area. The program start addresses for
branch upon reset or generation of each interrupt request are stored in the vector table area. Furthermore, the
interrupt jump address is a 64 K address of 00000H to OFFFFH, because the vector code is assumed to be 2

bytes.

Of the 16-bit address, the lower 8 bits are stored at even addresses and the higher 8 bits are stored at odd

addresses.
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(4)

Table 3-3. Vector Table

Vector Table Address Interrupt Source Vector Table Address Interrupt Source
00000H 'RESET input, POC, LVI, WDT, 0002CH INTTMOO
TRAP 0002EH INTTMO1
00004H INTWDTI 00030H INTTMO2
00006H INTLVI 00032H INTTMO3
00008H INTPO 00034H INTAD
0000AH INTP1 00036H INTRTC
0000CH INTP2 00038H INTRTCI
0000EH INTP3 0003AH INTKR
00010H INTP4 0003CH INTST2/INTCSI20/INTIIC20
00012H INTP5 0003EH INTSR2
00014H INTST3 00040H INTSRE2
00016H INTSR3 00042H INTTMO4
00018H INTSRE3 00044H INTTMO5
0001AH INTDMAO 00046H INTTMO6
0001CH INTDMA1 00048H INTTMO7
0001EH INTSTO/INTCSIO00 0004AH INTP6
00020H INTSRO/INTCSIO01 0004CH INTP7
00022H INTSREO 0004EH INTP8
00024H INTST1/INTCSI10/INTIIC10 00050H INTP9
00026H INTSR1 00052H INTP10
00028H INTSREH1 00054H INTP11
0002AH INTIICO 0007EH BRK

CALLT instruction table area

The 64-byte area 00080H to 000BFH can store the subroutine entry address of a 2-byte call instruction (CALLT).
Set the subroutine entry address to a value in a range of 00000H to OFFFFH (because an address code is of 2
bytes).

To use the boot swap function, set a CALLT instruction table also at 01080H to 010BFH.

Option byte area
A 4-byte area of 000COH to 000C3H can be used as an option byte area. Set the option byte at 010COH to
010C3H when the boot swap is used. For details, sse CHAPTER 24 OPTION BYTE.

On-chip debug security ID setting area

A 10-byte area of 000C4H to 000CDH and 010C4H to 010CDH can be used as an on-chip debug security 1D
setting area. Set the on-chip debug security ID of 10 bytes at 000C4H to 000CDH when the boot swap is not
used and at 000C4H to 000CDH and 010C4H to 010CDH when the boot swap is used. For details, see
CHAPTER 26 ON-CHIP DEBUG FUNCTION.
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3.1.2 Mirror area

The 4PD78F1162 and 78F1162A mirror the data flash area of 00000H to OFFFFH, to FOOOOH to FFFFFH.

The PD78F1163, 78F1163A, 78F1164, 78F1164A, 78F1165, 78F1165A, 78F1166, 78F1166A, 78F1167
78F1167A, 78F1168, and 78F1168A mirror the data flash area of 00000H to OFFFFH or 10000H to 1FFFFH, to

FOOOO0H to FFFFFH (the data flash area to be mirrored is set by the processor mode control register (PMC)).

By reading data from FOOOOH to FFFFFH, an instruction that does not have the ES registers as an operand can be

used, and thus the contents of the data flash can be read with the shorter code. However, the data flash area is not
mirrored to the SFR, extended SFR, RAM, and use prohibited areas.
See 3.1 Memory Space for the mirror area of each product.

The mirror area can only be read and no instruction can be fetched from this area.

The following show examples.

Example 1 xPD78F1162, 78F1162A
(Flash memory: 64 KB, RAM: 4 KB)

FFFFFH

FFFOOH
FFEFFH

FFEEOH
FFEDFH

FEFOOH
FEEFFH

F1000H
FOFFFH

FO800H
FO7FFH

FOO00OH
EFFFFH

EE000H
EDFFFH

10000H
OFFFFH

OEFOOH
OEEFFH

01000H
00FFFH

00000H

Remark

Setting MAA =0

Special-function register (SFR)
256 bytes

General-purpose register
32 bytes

RAM
4 KB

Flash memory
(same data as 01000H to OEEFFH)

Reserved

Special-function register (2nd SFR)
2KB

Reserved

External expansion area
888 KB max.

Mirror

For example, 02345H is mirrored to
F2345H. Data can therefore be read by
MOV A, 12345H, instead of MOV ES,
#00H and MOV A, ES:12345H.

Flash memory

Flash memory

PMC register is described below.

64

MAA: Bit 0 of the processor mode control register (PMC)
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Example 2 ,PD78F1166, 78F1166A
(Flash memory: 256 KB, RAM: 12 KB)

FFFFFH

FFFOOH
FFEFFH

FFEEOH
FFEDFH

FCFOOH
FCEFFH

F1000H
FOFFFH

FO800H
FO7FFH

FOO00OH
EFFFFH

EEO00H
EDFFFH

40000H
3FFFFH

1CFOOH
1CEFFH

11000H
10FFFH

00000H

Setting MAA =1

Special-function register (SFR)
256 bytes

General-purpose register
32 bytes

RAM
12 KB

Flash memory
(same data as 11000H to 1CEFFH)

Reserved

Special-function register (2nd SFR)
2KB

Reserved

External expansion area
696 KB max.

Mirror

For example, 15432H is mirrored to

Flash memory

F5432H. Data can therefore be read by

MOV A, 15432H, instead of MOV ES,
#01H and MOV A, ES:!5432H.

Flash memory
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¢ Processor mode control register (PMC)
This register selects the flash memory space for mirroring to area from FOOO0H to FFFFFH.
PMC can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 3-8. Format of Processor Mode Control Register (PMC)

Address: FFFFEH After reset: 0OH R/W

Symbol 7 6 5 4 3 2 1 <0>
PMC | 0 | 0 | 0 | 0 | 0 | 0 | 0 | MAA |
MAA Selection of flash memory space for mirroring to area from FOOOOH to FFFFFH

0 00000H to OFFFFH is mirrored to FOOOOH to FFFFFH
1 10000H to 1FFFFH is mirrored to FOOOOH to FFFFFH

Cautions 1. Set PMC only once during the initial settings prior to operating the DMA controller. Rewriting
PMC other than during the initial settings is prohibited.
2. After setting PMC, wait for at least one instruction and access the mirror area.
3. When the /PD78F1162 or 78F1162A is used, be sure to set bit 0 (MAA) of this register to 0.

3.1.3 Internal data memory space
78KOR/KG3 products incorporate the following RAMs.

Table 3-4. Internal RAM Capacity

Part Number Internal RAM

uPD78F1162, 78F1162A 4096 x 8 bits (FEFOOH to FFEFFH)
uPD78F1163, 78F1163A 6144 x 8 bits (FE700H to FFEFFH)
uPD78F1164, 78F1164A 8192 x 8 bits (FDFOOH to FFEFFH)
uPD78F1165, 78F1165A 10240 x 8 bits (FD700H to FFEFFH)
uPD78F1166, 78F1166A 12288 x 8 bits (FCFOOH to FFEFFH)
uPD78F1167, 78F1167A 24576 x 8 bits (FOFOOH to FFEFFH)
uPD78F1168, 78F1168A 30720 x 8 bits (F8700H to FFEFFH)

The internal RAM can be used as a data area and a program area where instructions are written and executed.
Four general-purpose register banks consisting of eight 8-bit registers per bank are assigned to the 32-byte area of
FFEEOH to FFEFFH of the internal RAM area. However, instructions cannot be executed by using general-purpose
registers.

The internal RAM is used as a stack memory.

Cautions 1. It is prohibited to use the general-purpose register (FFEEOH to FFEFFH) space for fetching
instructions or as a stack area.
2. While using the self-programming function, the area of FFE20H to FFEFFH cannot be used as
a stack memory. Furthermore, the areas of FCFOOH to FD6FFH and F8700H to FBEFFH also
cannot be used with the pyPD78F1166 and 78F1166A, and uPD78F1168 and 78F1168A,
respectively.
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3.1.4 Special function register (SFR) area
On-chip peripheral hardware special function registers (SFRs) are allocated in the area FFFOOH to FFFFFH (see
Table 3-5 in 3.2.4 Special function registers (SFRs)).

Caution Do not access addresses to which SFRs are not assigned.
3.1.5 Extended special function register (2nd SFR: 2nd Special Function Register) area

On-chip peripheral hardware special function registers (2nd SFRs) are allocated in the area FOOOOH to FO7FFH
(see Table 3-6 in 3.2.5 Extended Special function registers (2nd SFRs: 2nd Special Function Registers)).

SFRs other than those in the SFR area (FFFOOH to FFFFFH) are allocated to this area. An instruction that

accesses the extended SFR area, however, is 1 byte longer than an instruction that accesses the SFR area.

Caution Do not access addresses to which the 2nd SFR is not assigned.
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3.1.6 Data memory addressing

Addressing refers to the method of specifying the address of the instruction to be executed next or the address of
the register or memory relevant to the execution of instructions.

Several addressing modes are provided for addressing the memory relevant to the execution of instructions for the
78KOR/KG3, based on operability and other considerations. For areas containing data memory in particular, special
addressing methods designed for the functions of special function registers (SFR) and general-purpose registers are
available for use. Figures 3-9 to 3-15 show correspondence between data memory and addressing.

Figure 3-9. Correspondence Between Data Memory and Addressing (#PD78F1162, 78F1162A)

FFFFFH
FFF20H|  Special function register (SFR) _ | SFRaddressing .
FFF1FH 256 bytes T
FFFOOH i
FFEFFH| General-purpose register ) ) Short direct
FEEEOH 32 bytes Register addressing addressing
FFEDFH — l
FFE20H| . RAM ]
FFE1FH 4 KB
FEFOOH
FEEFFH
1 Mirror area B
T 55.75 KB T |
I
F1000H |
FOFFFH !
Reserved l
FO800H :
FO7FFH |
Special function register (2nd SFR) :
2 KB |
FOOOOH ! Direct addressing
EFFFFH | o _
L Reserved — | Register indirect addressing
EE000H ! .
EDFFFH I Based addressing
I
: Based indexed addressing
I
l
: Mirror
I
I
I
I
1 External expansion area 1 :
T 888 KB max. T |
I
I
I
I
I
l
l
l
l
l
l
l
10000H |
l
OFFFFH Flash memory 64 KB |
0EFOOH)y_ - MAA = 0 |
OEEFFHy 7 — 1| ___""2 o |
—~ Mirrored area 55.75 KB o~
0to000Hf L— — 1|
00FFFH
00000H
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Figure 3-10. Correspondence Between Data Memory and Addressing (#PD78F1163, 78F1163A)

Short direct
addressing

|

FFFFFH i .
FFE20H| . Special function register (SFR) SFR addressing
FFF1FH 256 bytes
FFFOOH
FFEFFH - i 1
General;;;pc::g register Register addressing
FFEEOH 4 L
FFEDFH
FFE20H ______________B_AM _______________
FFE1FH 6 KB
FE700H
FE6FFH
£ Mirror area A o _____
T 53.75 KB T K
|
F1000H 1
FOFFFH !
Reserved I
FO800H !
FO7FFH :
Special function register (2nd SFR) !
2KB :
FOOOOH !
EFFFFH |
=~ Reserved = |
EE00O0H I
EDFFFH !
I
I
|
I .
1 Mirror
I
I
I
I
I
A External expansion area A !
T 824 KB max. T :
I
I
I
I
I
I
I
I
20000H l
1FFFFH !
18000H Reserved :
17FFFH Flash memory 96 KB !
0E700H !
0E6FFH| """ MAA = 0 ;
& Mirrored area 53.75 KB T T
01000H| s = e === |
00FFFH
00000H

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing
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<R> Figure 3-11. Correspondence Between Data Memory and Addressing (#PD78F1164, 78F1164A)
FFFFFH A J
FFF20H |___Spedial function register (SFR) | | SFRaddressing ..
FFF1FH 256 bytes
FFFOOH
FFEFFH| General-purpose register 4 i
:;)2 bp tos g Register addressing Short direct
FFEEOH Y Y addressing
FFEDFH l
FFE20H| _______.....RAM |
FFE1FH 8 KB
FDFOOH
FDEFFH
A1 Mirror area i
I 51.75 KB T T T T T T T T TS
F1000H :
FOFFFH |
Reserved
FO800H ;
FO7FFH |
Special function register (2nd SFR) :
2 KB 1 . .
| Direct addressing
FO000H .
EFFFFH I Register indirect addressing
=~ Reserved = !
EE000OH ! Based addressing
EDFFFH ;
| Based indexed addressing
I
I
I
I
: Mirror
I
1 External expansion area A1 :
T 824 KB max. T |
I
I
I
I
I
I
I
I
I
20000H :
1FFFFH |
1DFOOH|__ _ Flashmemory 128KB !
1DEFFH ; When MAA=1 !
t1opgu| | Mmoredareastzsks | | WIenMAAZT !
10FFFH |
ODFOOHTZ _ _ _ __ __________ ] WhenMAA=Q |
en =
O0DEFFH | Mirrored area 51.75 KB | ------------ !
01000H| Fmemeeeeeeee ===
00FFFH Y
00000H
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Figure 3-12. Correspondence Between Data Memory and Addressing (#PD78F1165, 78F1165A)

Short direct
addressing

|

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing

FFFFFH i
FFF20H| Sepecial function register (SFR) SFR addressing
FFF1FH 256 bytes
FFFOOH
FFEFFH| General-purpose register [ Redi dd .
egister addressin
FEEEOH 32 bytes g 9
FFEDFH
FFE20H| ... RAM .
FFE1FH 10 KB
FD700H
FD6FFH
L Mirror area A e o ______
T 49.75 KB T :
F1000H |
FOFFFH I
Reserved |
FO800H 1
FO7FFH 1
I
Special function register (2nd SFR) |
2 KB 1
I
FOOOOH I
EFFFFH I
=~ Reserved - !
EE000H |
EDFFFH |
I
I
I
I
: Mirror
I
L External expansion area A 1
T 760 KB max. T !
I
I
I
I
I
I
I
I
30000H !
I
2FFFFH Flash memory 192 KB 1
|
:g;gg: _________________ When MAA = 1 |
s | b ____ |
11000H ___'\f'r_roie(ia_reffgjf}fB____ I
10FFFH !
|
-~ - |
0D700H :
OD6FFH| T———————————————— 7 When MAA =0 X
01000n| L_Miroredarea49.75KB | F-- - - - - oo
00FFFH
00000H
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<R> Figure 3-13. Correspondence Between Data Memory and Addressing (#PD78F1166, 78F1166A)
FFFFFH A 1
FEF20H Special function register (SFR) SFR addressing
FFF1FH 256 bytes
FFFOOH
FFEFFH| General-purpose register L i
3?2 bpytes 9 Register addressing Short direct
FFEEOH Y addressing
FFEDFH
FFE20H|. ... RAMM
FFE1FH 12 KB
FCFOOH
FCEFFH .
L Mirror area L o _____
T 47.75 KB T 1
F1000H 1
FOFFFH |
Reserved I
FO800H 1
FO7FFH !
I
Special function register (2nd SFR) 1
2 KB !
1 Direct addressing
FO000H !
EFFFFH : Register indirect addressing
o Reserved -~
— — I
E gggg : | Based addressing
I
: Based indexed addressing
I
I
I Mirror
A External expansion area A :
T 696 KB max. T |
I
I
I
I
I
40000H ;
3FFFFH |
Flash memory :
256 KB |
I
L 4 1
T T I
1CFOO0H _ '
1CEFFH '|"', """"""" |____\ivrlerl“fAf:1__:
r1ooon| | _Mmoredaread775 K8 ] | .
10FFFH l
ocFooH| ] Whenaa—o |
0CEFFH , | _nenMAA=D _
01000n| L Mioredarea 4775k | |
00FFFH
00000H ¥

Note Use of the area FCFOOH to FD6FFH is prohibited when using the self-programming function, since this
area is used for self-programming library.
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Figure 3-14. Correspondence Between Data Memory and Addressing (#PD78F1167, 78F1167A)

Short direct
addressing

|

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing

FFFFFH A
FFF20H [ __ Special function register (SFR) _ | SFRaddressing .
FFF1FH 256 bytes
FFFOOH
FFEFFH| General-purpose register L ) )
32 bytes Register addressing
FFEEOH Y
FFEDFH
FFE20H| ... RAM .
FFE1FH 24 KB
FOFOOH
F9EFFH:, Mirror area A e -~
F1000H 35.75 KB :
FOFFFH |
Reserved |
FO800H |
FO7FFH |
Special function register (2nd SFR) :
2 KB 1
I
FOO000H |
EFFFFH |
e Reserved o !
EE000H !
EDFFFH |
I
I
I
I
. I Mirror
L External expansion area A 1
T 568 KB max. T !
I
I
I
I
I
I
60000H I
I
SFFFFH Flash memory 1
384 KB l
I
I
ot ~ 1
I
I
I
i B When MAA = 1
| Mirrored area 35.75 KB | ———————————— !
1M000H| L= e————= | 1
10FFFH 1
o 9 F 0 0 H ————————————————— Wh MAA O :
en =
09EFFH | Mirrored area 35.75 KB | ____________ !
01000H| ===
00FFFH
00000H
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Figure 3-15. Correspondence Between Data Memory and Addressing (#PD78F1168, 78F1168A)

Short direct
addressing

|

Direct addressing

Register indirect addressing

Based addressing

Based indexed addressing

FFFFFH A
FFF20H |__ Special function register (SFR) _ | SFRaddressing
FFF1FH 256 bytes
FFFOOH
FFEFFH| General-purpose register 1 . )
32 bytes Register addressing
FFEEOH A
FFEDFH
FFE20H|. ... RAMYe
FFE1FH 30 KB
F8700H
F86FFH )
1 Mirror area A . _____
T 29.75 KB T 1
F1000H I
FOFFFH [
Reserved 1
F0800H I
FO7FFH !
I
Special function register (2nd SFR) !
2KB |
FOOO00H !
EFFFFH !
-~ Reserved = :
EEOOOH |
EDFFFH I
I
I
I
I
' Mirror
L External expansion area A :
T 440 KB max. T |
I
I
I
I
I
80000H |
7FFFFH !
I
I
-+ Flash memory —~ :
512 KB |
I
L When MAA = 1 :
en =
186FFH | Mirrored area 29.75 KB | ———————————— !
11000H| ——————————— _| 1
10FFFH 1
og7o0H| ;
086FFH - When MAA =0 |
01000H _| _Mirored area 29.75KB _| _____________
00FFFH
00000H

Note Use of the area F8700H to F8EFFH is prohibited when using the self-programming function, since this area
is used for self-programming library.
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3.2 Processor Registers

The 78KOR/KG3 products incorporate the following processor registers.

3.2.1 Control registers

The control registers control the program sequence, statuses and stack memory. The control registers consist of a

program counter (PC), a program status word (PSW) and a stack pointer (SP).

M

)

74

Program counter (PC)

The program counter is a 20-bit register that holds the address information of the next program to be executed.

In normal operation, PC is automatically incremented according to the number of bytes of the instruction to be
fetched. When a branch instruction is executed, immediate data and register contents are set.

Reset signal generation sets the reset vector table values at addresses 0000H and 0001H to the program counter.

Figure 3-16. Format of Program Counter

19 0

PC

Program status word (PSW)

The program status word is an 8-bit register consisting of various flags set/reset by instruction execution.

Program status word contents are stored in the stack area upon vector interrupt request acknowledgment or
PUSH PSW instruction execution and are restored upon execution of the RETB, RETI and POP PSW instructions.
Reset signal generation sets PSW to 06H.

Figure 3-17. Format of Program Status Word

PSW IE 4 RBS1| AC |RBSO| ISP1 | ISPO | CY

(a) Interrupt enable flag (IE)
This flag controls the interrupt request acknowledge operations of the CPU.
When 0, the IE flag is set to the interrupt disabled (DI) state, and all maskable interrupt requests are disabled.
When 1, the IE flag is set to the interrupt enabled (El) state and interrupt request acknowledgment is
controlled with an in-service priority flag (ISP1, ISP0O), an interrupt mask flag for various interrupt sources,
and a priority specification flag.
The IE flag is reset (0) upon DI instruction execution or interrupt acknowledgment and is set (1) upon El
instruction execution.

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

(c) Register bank select flags (RBS0, RBS1)
These are 2-bit flags to select one of the four register banks.
In these flags, the 2-bit information that indicates the register bank selected by SEL RBn instruction
execution is stored.
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©)

(d) Auxiliary carry flag (AC)

(e)

®

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

In-service priority flags (ISP1, ISP0)

This flag manages the priority of acknowledgeable maskable vectored interrupts. Vectored interrupt requests
specified lower than the value of ISPO and ISP1 by a priority specification flag register (PRnOL, PRnOH,
PRn1L, PRn1H, PRn2L, PRn2H) (see 17.3 (3)) cannot be acknowledged. Actual request acknowledgment is
controlled by the interrupt enable flag (IE).

Remark n=0,1
Carry flag (CY)

This flag stores overflow and underflow 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.

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

Figure 3-18. Format of Stack Pointer

15 0

SP [SP15|SP14|SP13|SP12|SP11[SP10{SP9 |SP8 |SP7 |SP6 |SP5 [SP4 | SP3|SP2|SP1|SP0O

The SP is decremented ahead of write (save) to the stack memory and is incremented after read (restored) from
the stack memory.
Each stack operation saves data as shown in Figure 3-19.

Cautions 1. Since reset signal generation makes the SP contents undefined, be sure to initialize the SP

before using the stack.

2. The values of the stack pointer must be set to even nhumbers. If odd numbers are specified,
the least significant bit is automatically cleared to 0.

3. It is prohibited to use the general-purpose register (FFEEOH to FFEFFH) space as a stack
area.

4. While using the self-programming function, the area of FFE20H to FFEFFH cannot be used
as a stack memory. Furthermore, the areas of FCFOOH to FD6FFH and F8700H to FSEFFH
also cannot be used with the /PD78F1166 and 78F1166A, and ;/PD78F1168 and 78F1168A,
respectively.
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Figure 3-19. Data to Be Saved to Stack Memory

PUSH rp instruction PUSH PSW instruction
SP«SP-2 SP«SP-2
T T
SP-2 | Register pair lower SP-2 00H
T T
SP-1 | Register pair higher SP-1 PSW
T T
SP — SP —
CALL, CALLT instructions Interrupt, BRK instruction
(4-byte stack) (4-byte stack)
SP«SP-4 SP«SP-4
) T
SP-4 PC7 to PCO SP-4 PC7 to PCO
T T
SP-3 PC15 to PC8 SP-3 PC15 to PC8
T T
SP-2 PC19 to PC16 SP-2 PC19 to PC16
T T
SP-1 00H SP-1 PSW
) T
SP - SP -

3.2.2 General-purpose registers

General-purpose registers are mapped at particular addresses (FFEEOH to FFEFFH) of the data memory. The
general-purpose registers consists of 4 banks, each bank consisting of eight 8-bit registers (X, A, C, B, E, D, L, and H).

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

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

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

Caution It is prohibited to use the general-purpose register (FFEEOH to FFEFFH) space for fetching
instructions or as a stack area.
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Figure 3-20. Configuration of General-Purpose Registers

(a) Function name

16-bit processing 8-bit processing
FFEFFH
H
Register bank 0 HL
L
FFEF8H
D
Register bank 1 DE
E
FFEFOH
B
Register bank 2 BC
C
FFEE8H
A
Register bank 3 AX
X
FFEEOH
15 0 7
(b) Absolute name
16-bit processing 8-bit processing
FFEFFH
R7
Register bank 0 RP3
R6
FFEF8H
R5
Register bank 1 RP2
R4
FFEFOH
R3
Register bank 2 RP1
R2
FFEE8H
R1
Register bank 3 RPO
RO
FFEEOH
15 0 7
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3.2.3 ES and CS registers

The ES register is used for data access and the CS register is used to specify the higher address when a branch
instruction is executed.

The default value of the ES register after reset is OFH, and that of the CS register is 00H.

Figure 3-21. Configuration of ES and CS Registers

7 6 5 4 3 2 1 0
ES 0 0 0 0 ES3 ES2 ES1 ESO

7 6 5 4 3 2 1 0
CS 0 0 0 0 CS3 | CP2 | CP1 CPO
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3.2.4 Special function registers (SFRs)
Unlike a general-purpose register, each SFR has a special function.
SFRs are allocated to the FFFOOH to FFFFFH area.
SFRs can be manipulated like general-purpose registers, using operation, transfer, and bit manipulation

instructions. The manipulable bit units, 1, 8, and 16, depend on the SFR type.

Each manipulation bit unit can be specified as follows.

1-bit manipulation

Describe the 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

Describe the 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

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

Table 3-5 gives a list of the SFRs. The meanings of items in the table are as follows.

Symbol

Symbol indicating the address of a special function register. It is a reserved word in the RA78KOR, and is
defined as an sfr variable using the #pragma sfr directive in the CC78KOR. When using the RA78KOR,
ID78KOR-QB, and SM+ for 78K0OR, symbols can be written as an instruction operand.

R/W

Indicates whether the corresponding SFR can be read or written.

R/W: Read/write enable

R: Read only

W: Write only

Manipulable bit units

“y" indicates the manipulable bit unit (1, 8, or 16). “~” indicates a bit unit for which manipulation is not possible.
After reset

Indicates each register status upon reset signal generation.

Caution Do not access addresses to which SFRs are not assigned.

Remark For extended SFRs (2nd SFRs), see 3.2.5 Extended special function registers (2nd SFRs: 2nd

Special Function Registers).
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Table 3-5. SFR List (1/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range |After Reset
1-bit 8-bit | 16-bit
FFFOOH | Port register 0 PO R/W v \/ - 00H
FFFO1H | Port register 1 P1 R/W v \/ - 00H
FFFO2H | Port register 2 P2 R/W N N _ 00H
FFFO3H | Port register 3 P3 R/W \ d - 00H
FFFO4H | Port register 4 P4 R/W v \/ - 00H
FFFO5H | Port register 5 P5 R/W v \/ - 00H
FFFO6H | Port register 6 P6 R/W v «/ - 00H
FFFO7H | Port register 7 P7 R/W \ J - 00H
FFFO8H | Port register 8 P8 R/W v S - 00H
FFFOBH | Port register 11 P11 R/W v «/ - 00H
FFFOCH | Port register 12 P12 R/W N \/ - Undefined
FFFODH | Port register 13 P13 R/W v \/ - 00H
FFFOEH | Port register 14 P14 R/W v v - 00H
FFFOFH | Port register 15 P15 R/W v «/ - 00H
FFF10H | Serial data register 00 TXDO/ | SDR0O0O| R/W - \/ v 0000H
SI000
FFF11H - _ _
FFF12H | Serial data register 01 RXDO/ | SDRO1 | R/W - \ v 0000H
SIO01
FFF13H - _ -
FFF14H | Serial data register 12 TXD3 | SDR12| R/W - J v 0000H
FFF15H - _ _
FFF16H | Serial data register 13 RXD3 | SDR13| R/W - v v 0000H
FFF17H - _ -
FFF18H | Timer data register 00 TDROO R/W - - \/ 0000H
FFF19H
FFF1AH | Timer data register 01 TDRO1 R/W - - y 0000H
FFF1BH
FFF1CH | 8-bit D/A conversion value setting register 0 DACSO0 R/W v \/ - 00H
FFF1DH | 8-bit D/A conversion value setting register 1 DACS1 R/W v v - 00H
FFF1EH | 10-bit A/D conversion result register ADCR R - - v 0000H
FFF1FH 8-bit A/D conversion result register | ADCRH R - v - 00H
FFF20H | Port mode register 0 PMO R/W v \/ - FFH
FFF21H | Port mode register 1 PM1 R/W v \/ - FFH
FFF22H | Port mode register 2 PM2 R/W \ J - FFH
FFF23H | Port mode register 3 PM3 R/W v \/ - FFH
FFF24H | Port mode register 4 PM4 R/W y J - FFH
FFF25H | Port mode register 5 PM5 R/W \ J - FFH
FFF26H | Port mode register 6 PM6 R/W v \ - FFH
FFF27H | Port mode register 7 PM7 R/W v \/ - FFH
FFF28H | Port mode register 8 PM8 R/W v «/ - FFH
FFF2BH | Port mode register 11 PM11 R/W \ J - FFH
FFF2CH | Port mode register 12 PM12 R/W v \/ - FFH
FFF2DH | Port mode register 13 PM13 R/W v N - FEH
FFF2EH | Port mode register 14 PM14 R/W \ J - FFH
FFF2FH | Port mode register 15 PM15 R/W v \ - FFH
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Table 3-5. SFR List (2/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range | After Reset
1-bit 8-bit | 16-bit
FFF30H | A/D converter mode register ADM R/W \ N - 00H
FFF31H | Analog input channel specification register ADS R/W \ N - 00H
FFF32H | D/A converter mode register DAM R/W J \/ - 00H
FFF37H | Key return mode register KRM R/W \ N - 00H
FFF38H | External interrupt rising edge enable register 0 EGPO R/W \ v - O00H
FFF39H | External interrupt falling edge enable register O EGNO R/W \ N - 00H
FFF3AH | External interrupt rising edge enable register 1 EGP1 R/W \ v - O00H
FFF3BH | External interrupt falling edge enable register 1 EGN1 R/W S N - O0H
FFF3CH | Input switch control register ISC R/W \ \/ - 00H
FFF3EH | Timer input select register 0 TISO R/W \ N - 00H
FFF44H | Serial data register 02 TXD1/ | SDR02 | R/W - v v 0000H
SI010
FFF45H - - -
FFF46H | Serial data register 03 RXD1 | SDR0O3 | R/W - v v 0000H
FFF47H - - -
FFF48H | Serial data register 10 TXD2/ | SDR10| R/W - N v 0000H
S1020
FFF49H - - -
FFF4AH | Serial data register 11 RXD2 | SDR11| R/W - N v 0000H
FFF4BH - - -
FFF50H | IIC shift register 0 (0] R/W - y - 00H
FFF51H | IIC flag register 0 [ICFO R/W J \/ - 00H
FFF52H | IIC control register 0 1ICCO R/W J y - O0H
FFF53H | IIC slave address register 0 SVAO0 R/W - N - 00H
FFF54H | IIC clock select register 0 lIcCLO R/W \ v - 00H
FFF55H | IIC function expansion register 0 lICX0 R/W \ v - 00H
FFF56H | IIC status register 0 11CS0 R J y - OOH
FFF64H | Timer data register 02 TDR02 R/W - - v 0000H
FFF65H
FFF66H | Timer data register 03 TDRO3 R/W - - v 0000H
FFF67H
FFF68H | Timer data register 04 TDRO04 R/W - - v 0000H
FFF69H
FFF6AH | Timer data register 05 TDRO05 R/W - - v 0000H
FFF6BH
FFF6CH | Timer data register 06 TDRO06 R/W - - Y 0000H
FFF6DH
FFF6EH | Timer data register 07 TDRO7 R/W - - Y 0000H
FFF6FH
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Table 3-5. SFR List (3/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range | After Reset
1-bit 8-bit 16-bit
FFF90H | Sub-count register RSUBC R - - v 0000H
FFF91H
FFF92H | Second count register SEC R/W - \/ - 00H
FFF93H | Minute count register MIN R/W - \/ - 00H
FFF94H | Hour count register HOUR R/W - S - 12H""!
FFF95H | Week count register WEEK R/W - N - 00H
FFF96H | Day count register DAY R/W - \/ - 01H
FFF97H | Month count register MONTH R/W - \/ - 01H
FFF98H | Year count register YEAR R/W - \ - O0H
FFF99H | Watch error correction register SUBCUD R/W - \/ - O0H
FFFOAH | Alarm minute register ALARMWM R/W - R - 00H
FFF9BH | Alarm hour register ALARMWH R/W - \/ - 12H
FFF9CH | Alarm week register ALARMWW R/W - R - 00H
FFFODH | Real-time counter control register 0 RTCCO R/W y J - O0H
FFF9EH | Real-time counter control register 1 RTCC1 R/W \ J - O00H
FFFOFH | Real-time counter control register 2 RTCC2 R/W v \/ - O0H
FFFAOH | Clock operation mode control register CMC R/W - N - 00H
FFFA1H | Clock operation status control register Ccsc R/W v \ - COH
FFFA2H | Oscillation stabilization time counter status register | OSTC R v N - 00H
FFFA3H | Oscillation stabilization time select register OSTS R/W - R - 07H
FFFA4H | System clock control register CKC R/W Y v - 09H
FFFA5H | Clock output select register 0 CKSO0 R/W v \/ - 00H
FFFA6H | Clock output select register 1 CKS1 R/W \ J - O0H
FFFA8SH | Reset control flag register RESF R - \/ - 00H""*
FFFA9H | Low-voltage detection register LVIM R/W v \/ - 00H""*?
FFFAAH | Low-voltage detection level select register LVIS R/W v N - OEH""**
FFFABH | Watchdog timer enable register WDTE R/W - S - 1A/9AM"®
FFFACH - TTBLH""* - - - - Undefined
FFFADH
FFFAEH - TTBLL""® - - - - | Undefined
FFFAFH
Notes 1. The value of this register is 00H if the AMPM bit (bit 3 of the RTCCO register) is set to 1 after reset.

2. The reset value of RESF varies depending on the reset source.

3. The reset value of LVIM varies depending on the reset source and the setting of the option byte.

4. The reset value of LVIS varies depending on the reset source.

5. The reset value of WDTE is determined by the setting of the option byte.

6. Do not directly operate this SFR, because it cannot be used by the user.

82 User's Manual U17894EJ9VOUD




CHAPTER 3 CPU ARCHITECTURE

Table 3-5. SFR List (4/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range | After Reset
1-bit 8-bit 16-bit
FFFBOH | DMA SFR address register 0 DSAO0 R/W - v - 00H
FFFB1H | DMA SFR address register 1 DSA1 R/W - v - 00H
FFFB2H | DMA RAM address register OL DRAOL | DRAO | R/W - v J 00H
FFFB3H | DMA RAM address register OH DRAOH R/W - v 00H
FFFB4H | DMA RAM address register 1L DRA1L | DRA1 | RW - v \ 00H
FFFB5H | DMA RAM address register 1H DRA1H R/W - v 00H
FFFB6H | DMA byte count register OL DBCOL | DBCO | R/W - v \ 00H
FFFB7H | DMA byte count register OH DBCOH R/W - \ 00H
FFFB8H | DMA byte count register 1L DBC1L | DBC1 | RW - v \ OO0H
FFFB9H | DMA byte count register 1H DBC1H R/W - \ 00H
FFFBAH | DMA mode control register 0 DMCO R/W v v - 00H
FFFBBH | DMA mode control register 1 DMCH R/W v v - 00H
FFFBCH | DMA operation control register 0 DRCO R/W v v - 00H
FFFBDH | DMA operation control register 1 DRC1 R/W v v - 00H
FFFBEH | Back ground event control register BECTL R/W N v - 00H
FFFCOH - PFCMD"* - - - - Undefined
FFFC2H - PFSM - - - - Undefined
FFFC4H - FLPMC"™* - - - - Undefined
FFFDOH | Interrupt request flag register 2L IF2L | IF2 R/W N v \ O0H
FFFD1H | Interrupt request flag register 2H IF2H R/W v v 00H
FFFD4H | Interrupt mask flag register 2L MK2L | MK2 R/W y \ J FFH
FFFD5H | Interrupt mask flag register 2H MK2H R/W v v FFH
FFFD8H | Priority specification flag register 02L PRO2L | PRO2 | R/W y \ J FFH
FFFD9H | Priority specification flag register 02H PRO2H R/W v v FFH
FFFDCH | Priority specification flag register 12L PR12L | PR12 | R/W y \ J FFH
FFFDDH | Priority specification flag register 12H PR12H R/W N v FFH
FFFEOH | Interrupt request flag register OL IFOL | IFO R/W v v \ 00H
FFFE1H | Interrupt request flag register OH IFOH RW N v 00H
FFFE2H | Interrupt request flag register 1L IFIL | IF1 R/W v v \ 00H
FFFE3H | Interrupt request flag register 1H IF1H RW N v 00H
FFFE4H | Interrupt mask flag register OL MKOL | MKO R/W v v \ FFH
FFFE5H | Interrupt mask flag register OH MKOH R/W y \ FFH
FFFEGH | Interrupt mask flag register 1L MK1L | MK1 R/W v v \ FFH
FFFE7H | Interrupt mask flag register 1H MK1H R/W y \ FFH
FFFESH | Priority specification flag register 00L PROOL | PROO | R/W v v \ FFH
FFFEQH | Priority specification flag register 00H PROOH R/W N v FFH
FFFEAH | Priority specification flag register 01L PRO1L | PRO1 R/W v v \ FFH
FFFEBH | Priority specification flag register 01H PROTH R/W v v FFH
FFFECH | Priority specification flag register 10L PR10OL | PR10 | R/W N v \/ FFH
FFFEDH | Priority specification flag register 10H PR10H R/W v v FFH

Note Do not directly operate this SFR, because it is to be used in the self programming library.
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Table 3-5. SFR List (5/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range | After Reset
1-bit 8-bit | 16-bit

FFFEEH | Priority specification flag register 11L PR11L | PR11 R/W J y J FFH

FFFEFH | Priority specification flag register 11H PR11H R/W \/ v FFH

FFFFOH | Multiplication input data register A MULA R/W - - \ 0000H

FFFF1H

FFFF2H | Multiplication input data register B MULB R/W - - \ 0000H

FFFF3H

FFFF4H | Higher multiplication result storage register MULOH R - - \ 0000H

FFFF5H

FFFF6H | Lower multiplication result storage register MULOL R - - \ 0000H

FFFF7H

FFFFEH | Processor mode control register PMC R/W \/ v - 00H

FFFFFH | Memory extension mode control register MEM RW \/ v - 00H

Remark For extended SFRs (2nd SFRs), see Table 3-6 Extended SFR (2nd SFR) List.
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3.2.5 Extended special function registers (2nd SFRs: 2nd Special Function Registers)

Unlike a general-purpose register, each extended SFR (2nd SFR) has a special function.

Extended SFRs are allocated to the FOOOOH to FO7FFH area. SFRs other than those in the SFR area (FFFOOH to
FFFFFH) are allocated to this area. An instruction that accesses the extended SFR area, however, is 1 byte longer

than an instruction that accesses the SFR area.

Extended SFRs can be manipulated like general-purpose registers, using operation, transfer, and bit manipulation

instructions. The manipulable bit units, 1, 8, and 16, depend on the SFR type.

Each manipulation bit unit can be specified as follows.

1-bit manipulation

Describe the symbol reserved by the assembler for the 1-bit manipulation instruction operand ('addr16.bit). This
manipulation can also be specified with an address.

8-bit manipulation

Describe the symbol reserved by the assembler for the 8-bit manipulation instruction operand (laddr16). This
manipulation can also be specified with an address.

16-bit manipulation

Describe the symbol reserved by the assembler for the 16-bit manipulation instruction operand (laddr16). When
specifying an address, describe an even address.

Table 3-6 gives a list of the extended SFRs. The meanings of items in the table are as follows.

Symbol

Symbol indicating the address of an extended SFR. It is a reserved word in the RA78KOR, and is defined as an
sfr variable using the #pragma sfr directive in the CC78KOR. When using the RA78KO0R, ID78KOR-QB, and
SM+ for 78KO0R, symbols can be written as an instruction operand.

R/W

Indicates whether the corresponding extended SFR can be read or written.

R/W: Read/write enable

R:  Read only

W:  Write only

Manipulable bit units

“\” indicates the manipulable bit unit (1, 8, or 16). “~” indicates a bit unit for which manipulation is not possible.
After reset

Indicates each register status upon reset signal generation.

Caution Do not access addresses to which the 2nd SFR is not assigned.

Remark For SFRs in the SFR area, see 3.2.4 Special function registers (SFRs).
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Table 3-6. Extended SFR (2nd SFR) List (1/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range | After Reset
1-bit 8-bit | 16-bit

FO0017H | A/D port configuration register ADPC R/W - v - 10H
FOO30H | Pull-up resistor option register 0 PUO R/W \/ v - 00H
FO031H | Pull-up resistor option register 1 PU1 RW \/ v - 00H
FO033H | Pull-up resistor option register 3 PU3 RW N v - 00H
FO034H | Pull-up resistor option register 4 PU4 R/W \/ v - 00H
FO035H | Pull-up resistor option register 5 PU5 R/W S v - 00H
FO036H | Pull-up resistor option register 6 PU6 RW \/ v - 00H
FO037H | Pull-up resistor option register 7 PU7 RW N v - 00H
FO038H | Pull-up resistor option register 8 PU8 R/W S v - 00H
FOO3CH | Pull-up resistor option register 12 PU12 RW \/ v - 00H
FOO3DH | Pull-up resistor option register 13 PU13 RW N v - 00H
FOO3EH | Pull-up resistor option register 14 PU14 R/W \/ v - 00H
FO040H | Port input mode register 0 PIMO R/W \ v - O0H
FO044H | Port input mode register 4 PIM4 R/W N v - O0H
FOO4EH | Port input mode register 14 PIM14 R/W J \/ - 00H
FOO50H | Port output mode register 0 POMO R/W \ v - O0H
FO054H | Port output mode register 4 POM4 R/W «/ v - 00H
FOOSEH | Port output mode register 14 POM14 R/W d \ - O0H
FO0O60H | Noise filter enable register 0 NFENO R/W \/ v - 00H
FO061H | Noise filter enable register 1 NFEN?1 R/W \/ v - O00H
FOOFOH | Peripheral enable register 0 PERO R/W d \ - O0H
FOOF1H | Peripheral enable register 1 PER1 R/W \ v - 00H
FOOF2H Internal high-speed oscillator trimming register HIOTRM R/W - v - 10H
FOOF3H | Operation speed mode control register OSMC R/W - v - 00H
FOOF4H | Regulator mode control register RMC R/W - v - 00H
FOOFEH | BCD adjust result register BCDADJ R - v - Undefined
FO100H | Serial status register 00 SSROOL| SSR00 | R - v \ 0000H
FO101H - - -
FO102H | Serial status register 01 SSRO1L| SSRO1 R - v S 0000H
FO103H - — _
FO104H | Serial status register 02 SSRO2L{ SSR02 | R - V J 0000H
FO105H - _ _
FO106H | Serial status register 03 SSRO3L| SSR03| R - v \ 0000H
FO107H - — _
FO108H | Serial flag clear trigger register 00 SIROOL | SIR00 | R/W - v \ 0000H
FO109H - — _
FO10AH | Serial flag clear trigger register 01 SIRO1L | SIRO1 | RW - v \ 0000H
FO10BH - _ _
FO10CH | Serial flag clear trigger register 02 SIRO2L | SIR02 | R/W - v \ 0000H
FO10DH - — _
FO10EH | Serial flag clear trigger register 03 SIRO3L | SIR03 | R/W - v S 0000H
FO10FH - - -
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Table 3-6. Extended SFR (2nd SFR) List (2/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range | After Reset
1-bit 8-bit | 16-bit

FO110H | Serial mode register 00 SMRO00 R/W - - \ 0020H
FO111H
FO112H | Serial mode register 01 SMRoO1 R/W - - J 0020H
FO113H
FO114H | Serial mode register 02 SMRO02 R/W - - \ 0020H
FO115H
FO116H | Serial mode register 03 SMRO03 R/W - - \ 0020H
FO117H
FO118H | Serial communication operation setting register 00 | SCR00 R/W - - \ 0087H
FO119H
FO11AH | Serial communication operation setting register 01 SCRO1 R/W - - S 0087H
FO11BH
FO11CH | Serial communication operation setting register 02 | SCR02 R/W - - \ 0087H
FO11DH
FO11EH | Serial communication operation setting register 03 | SCR03 R/W - - \ 0087H
FO11FH
FO120H | Serial channel enable status register 0 SEOL | SEO R v v \ 0000H
FO121H - - -
F0122H | Serial channel start register 0 SSOL | SSo R/W v v \ 0000H
FO123H - - -
FO124H | Serial channel stop register 0 STOL | STO R/W N v S 0000H
FO125H - - -
FO126H | Serial clock select register 0 SPSOL | SPSO | R/W - v S 0000H
FO127H - - -
FO0128H | Serial output register O SO0 R/W - - S OFOFH
FO129H
FO12AH | Serial output enable register 0 SOEOL | SOE0 | RW v v \ 0000H
FO12BH - - -
F0134H | Serial output level register 0 SOLOL | SOLO | R/W - v \ 0000H
FO135H - - -
FO140H | Serial status register 10 SSR10L{ SSR10 | R - v \ 0000H
FO141H - - -
FO142H | Serial status register 11 SSR11L| SSR11 R - v \ 0000H
FO143H - - -
FO144H | Serial status register 12 SSR12L{ SSR12 | R - V J 0000H
FO145H - - -
FO146H | Serial status register 13 SSR13L SSR13 | R - v S 0000H
FO147H - - -
FO0148H | Serial flag clear trigger register 10 SIR10L| SIR10 | R/W - v \ 0000H
FO149H - - -
FO14AH | Serial flag clear trigger register 11 SIR11L| SIR11 | RW - \ J 0000H
FO14BH - - -
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Table 3-6. Extended SFR (2nd SFR) List (3/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range | After Reset
1-bit 8-bit | 16-bit

FO14CH | Serial flag clear trigger register 12 SIR12L| SIR12 | R/W - v \ 0000H
FO14DH - - -
FO14EH | Serial flag clear trigger register 13 SIR13L| SIR13 | R/W - y J 0000H
FO14FH - - -
FO150H | Serial mode register 10 SMR10 R/W - - \ 0020H
FO151H
FO152H | Serial mode register 11 SMR11 R/W - - \ 0020H
FO153H
FO0154H | Serial mode register 12 SMR12 R/W - - S 0020H
FO155H
FO156H | Serial mode register 13 SMR13 R/W - - \ 0020H
FO157H
FO158H | Serial communication operation setting register 10 | SCR10 R/W - - \ 0087H
FO159H
FO15AH | Serial communication operation setting register 11 SCR11 R/W - - \ 0087H
FO15BH
FO15CH | Serial communication operation setting register 12 | SCR12 R/W - - \ 0087H
FO15DH
FO15EH | Serial communication operation setting register 13 | SCR13 R/W - - \ 0087H
FO15FH
FO160H | Serial channel enable status register 1 SE1L | SE1 R N v S 0000H
FO161H - - -
FO162H | Serial channel start register 1 SS1L | SSt R/W \ v \ 0000H
FO163H - - -
FO164H | Serial channel stop register 1 STIL | ST1 R/W \ v \ 0000H
FO165H - - -
FO166H | Serial clock select register 1 SPS1L | SPS1 | R/W - v \ 0000H
FO167H - - -
FO0168H | Serial output register 1 SO1 R/W - - \ OFOFH
FO169H
FO16AH | Serial output enable register 1 SOE1L | SOE1L| RW \/ v \ 0000H
FO16BH - - -
FO174H | Serial output level register 1 SOL1L | SOLIL | RW - v \ 0000H
FO175H - - -
FO180H | Timer counter register 00 TCRO00 R - - \ FFFFH
FO181H
FO0182H | Timer counter register 01 TCRO1 R - - \ FFFFH
FO183H
FO184H | Timer counter register 02 TCRO02 R - - \ FFFFH
FO185H
FO186H | Timer counter register 03 TCRO03 R - - \ FFFFH
FO187H
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Table 3-6. Extended SFR (2nd SFR) List (4/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range | After Reset
1-bit 8-bit | 16-bit

FO188H | Timer counter register 04 TCR04 R - - \ FFFFH

FO189H

FO18AH | Timer counter register 05 TCRO05 R - - \ FFFFH

FO18BH

FO18CH | Timer counter register 06 TCRO06 R - - \ FFFFH

FO18DH

FO18EH | Timer counter register 07 TCRO07 R - - \ FFFFH

FO18FH

FO190H | Timer mode register 00 TMRO00 R/W - - S 0000H

FO191H

FO192H | Timer mode register 01 TMRO1 R/W - - S 0000H

FO193H

FO0194H | Timer mode register 02 TMRO02 R/W - - S 0000H

FO195H

FO0196H | Timer mode register 03 TMRO3 R/W - - \ 0000H

FO197H

FO198H | Timer mode register 04 TMRO04 RW - - \ 0000H

FO199H

FO19AH | Timer mode register 05 TMRO05 R/W - - \ 0000H

FO19BH

FO19CH | Timer mode register 06 TMRO06 R/W - - S 0000H

FO19DH

FO19EH | Timer mode register 07 TMRO7 R/W - - S 0000H

FO19FH

FO1AOH | Timer status register 00 TSROOL| TSRO0 R - v \ 0000H

FO1A1H - - -

FO1A2H | Timer status register 01 TSRO1L| TSRO1 | R - \ J 0000H

FO1A3H - - -

FO1A4H | Timer status register 02 TSRO02L| TSR02 R - v \ 0000H

FO1A5H - - -

FO1A6H | Timer status register 03 TSRO3L| TSR03 | R - v \ 0000H

FO1A7H - - -

FO1A8H | Timer status register 04 TSR04L| TSR04 | R - v \ 0000H

FO1A9H - - -

FOT1AAH | Timer status register 05 TSRO5L| TSRO5 | R - V J 0000H

FO1ABH - - -

FO1ACH | Timer status register 06 TSRO6L| TSR06 | R - v S 0000H

FO1ADH - - -

FO1AEH | Timer status register 07 TSRO7L| TSRO7 | R - v \ 0000H

FO1AFH - - -
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Table 3-6. Extended SFR (2nd SFR) List (5/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range | After Reset
1-bit 8-bit | 16-bit

FO1BOH | Timer channel enable status register 0 TEOL |TEO R \/ v < 0000H
FO1B1H _ _ _

FO1B2H | Timer channel start register 0 TSOL | TSO RW \/ v \ 0000H
FO1B3H - - -

FO1B4H | Timer channel stop register 0 TTOL |TTO R/W \/ v \ 0000H
FO1B5H - - -

FO1B6H | Timer clock select register 0 TPSOL | TPSO | R/W - v \ 0000H
FO1B7H - - -

FO1B8H | Timer output register 0 TOOL | TOO R/W - v < 0000H
FO1B9H - - -

FO1BAH | Timer output enable register 0 TOEOL | TOEO | RW \ v \ 0000H
FO1BBH - - -

FO1BCH | Timer output level register 0 TOLOL | TOLO | RW - v \ 0000H
FO1BDH - - -

FO1BEH | Timer output mode register 0 TOMOL | TOMO | R/W - v \ 0000H
FO1BFH - - -

Remark For SFRs in the SFR area, see Table 3-5 SFR List.
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3.3 Instruction Address Addressing
3.3.1 Relative addressing

[Function]
Relative addressing stores in the program counter (PC) the result of adding a displacement value included in the
instruction word (signed complement data: —128 to +127 or —32768 to +32767) to the program counter (PC)’s
value (the start address of the next instruction), and specifies the program address to be used as the branch
destination. Relative addressing is applied only to branch instructions.

Figure 3-22. Outline of Relative Addressing

PC

OP code

D

E J DISPLACE 8/16 bits

3.3.2 Immediate addressing

[Function]
Immediate addressing stores immediate data of the instruction word in the program counter, and specifies the

program address to be used as the branch destination.
For immediate addressing, CALL !!addr20 or BR !laddr20 is used to specify 20-bit addresses and CALL !addr16
or BR laddr16 is used to specify 16-bit addresses. 0000 is set to the higher 4 bits when specifying 16-bit

addresses.

Figure 3-23. Example of CALL !laddr20/BR !!addr20

PC

OP code

Low Addr.

High Addr.

Seg Addr.

Figure 3-24. Example of CALL !addr16/BR !addr16

PC PCs | PCu | PCL
T OP code
0000 Low Addr.
High Addr.
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3.3.3 Table indirect addressing

[Function]

Table indirect addressing specifies a table address in the CALLT table area (0080H to 00BFH) with the 5-bit
immediate data in the instruction word, stores the contents at that table address and the next address in the

program counter (PC) as 16-bit data, and specifies the program address. Table indirect addressing is applied
only for CALLT instructions.

In the 78KO0OR microcontrollers, branching is enabled only to the 64 KB space from 00000H to OFFFFH.

Figure 3-25. Outline of Table Indirect Addressing

OP code

Low Addr.

00000000 |10 0 [:
High Addr.

Table address
Memory
0000
PC PCs | PCh | PCL
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3.3.4 Register direct addressing

[Function]
Register direct addressing stores in the program counter (PC) the contents of a general-purpose register pair

(AX/BC/DE/HL) and CS register of the current register bank specified with the instruction word as 20-bit data,
and specifies the program address. Register direct addressing can be applied only to the CALL AX, BC, DE, HL,

and BR AX instructions.

Figure 3-26. Outline of Register Direct Addressing

OP code

CS Y

PC PCs PCH PCL
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3.4 Addressing for Processing Data Addresses

3.4.1 Implied addressing

[Function]
Instructions for accessing registers (such as accumulators) that have special functions are directly specified with
the instruction word, without using any register specification field in the instruction word.

[Operand format]
Because implied addressing can be automatically employed with an instruction, no particular operand format
is necessary.
Implied addressing can be applied only to MULU X.

Figure 3-27. Outline of Implied Addressing

OP code A register

Memory
3.4.2 Register addressing
[Function]
Register addressing accesses a general-purpose register as an operand. The instruction word of 3-bit long is

used to select an 8-bit register and the instruction word of 2-bit long is used to select a 16-bit register.

[Operand format]

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

Figure 3-28. Outline of Register Addressing

OP code Register

Memory
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3.4.3 Direct addressing

[Function]

Direct addressing uses immediate data in the instruction word as an operand address to directly specify the

target address.

[Operand format]

Identifier Description
ADDR16 Label or 16-bit immediate data (only the space from FOOOOH to FFFFFH is specifiable)
ES: ADDR16 | Label or 16-bit immediate data (higher 4-bit addresses are specified by the ES register)

Figure 3-29. Example of ADDR16

OP code

Low Addr.

High Addr.

—
|

Memory

Figure 3-30. Example of ES:ADDR16

OP code

Low Addr.

High Addr.

Memory

User's Manual U17894EJ9VOUD

FFFFFH

FOO00H

FFFFFH

00000H

95




CHAPTER 3 CPU ARCHITECTURE

3.4.4 Short direct addressing

[Function]

Short direct addressing directly specifies the target addresses using 8-bit data in the instruction word. This type

of addressing is applied only to the space from FFE20H to FFF1FH.

[Operand format]

Identifier Description

SADDR Label, FFE20H to FFF1FH immediate data, or OFE20H to OFF1FH immediate data
(only the space from FFE20H to FFF1FH is specifiable)

SADDRP Label, FFE20H to FFF1FH immediate data, or OFE20H to OFF1FH immediate data (even address only)
(only the space from FFE20H to FFF1FH is specifiable)

Figure 3-31. Outline of Short Direct Addressing

OP code

““““ FFF1FH
saddr saddr

FFE20H

Memory

Remark SADDR and SADDRP are used to describe the values of addresses FE20H to FF1FH with 16-bit
immediate data (higher 4 bits of actual address are omitted), and the values of addresses FFE20H to
FFF1FH with 20-bit immediate data.
Regardless of whether SADDR or SADDRP is used, addresses within the space from FFE20H to
FFF1FH are specified for the memory.
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3.4.5 SFR addressing
[Function]
SFR addressing directly specifies the target SFR addresses using 8-bit data in the instruction word. This type of

addressing is applied only to the space from FFFOOH to FFFFFH.

[Operand format]

Identifier Description
SFR SFR name
SFRP 16-bit-manipulable SFR name (even address only)

Figure 3-32. Outline of SFR Addressing

FFFFFH

OP code SFR }
e FFFOOH

Memory

User's Manual U17894EJ9VOUD 97



CHAPTER 3 CPU ARCHITECTURE

3.4.6 Register indirect addressing
[Function]
Register indirect addressing directly specifies the target addresses using the contents of the register pair

specified with the instruction word as an operand address.

[Operand format]

Identifier Description

- [DE], [HL] (only the space from FOOOOH to FFFFFH is specifiable)

- ES:[DE], ES:[HL] (higher 4-bit addresses are specified by the ES register)

Figure 3-33. Example of [DE], [HL]

FFFFFH
OP code |——ﬂ4 p F————» Target memory
FOOO0OH
Memory
Figure 3-34. Example of ES:[DE], ES:[HL]
FFFFFH
OP code I—»l rp I Target memory
00000H
Memory
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3.4.7 Based addressing

[Function]
Based addressing uses the contents of a register pair specified with the instruction word as a base address, and
8-bit immediate data or 16-bit immediate data as offset data. The sum of these values is used to specify the
target address.

[Operand format]

Identifier Description

- [HL + byte], [DE + byte], [SP + byte] (only the space from FOOOOH to FFFFFH is specifiable)

- word[B], word[C] (only the space from FOOOOH to FFFFFH is specifiable)

- word[BC] (only the space from FOOOOH to FFFFFH is specifiable)

- ES:[HL + byte], ES:[DE + byte] (higher 4-bit addresses are specified by the ES register)

- ES:word[B], ES:word[C] (higher 4-bit addresses are specified by the ES register)

- ES:word[BC] (higher 4-bit addresses are specified by the ES register)

Figure 3-35. Example of [SP+byte]

FFFFFH

(D) T o

FOOOOH

OP code

byte

Memory
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Figure 3-36. Example of [HL + byte], [DE + byte]

FFFFFH
rp (HL/DE) a Target memory
OP code FOOO0OH
byte
Memory
Figure 3-37. Example of word[B], word[C]
FFFFFH
r (B/C) a Target memory
F H
OP code 0000
Low Addr. —
High Addr. _—_—
Memory
Figure 3-38. Example of word[BC]
FFFFFH
rp (BC) e Target memory
F H
OP code 0000
Low Addr. —
High Addr. -
Memory
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Figure 3-39. Example of ES:[HL + byte], ES:[DE + byte]

FFFFFH
rp (HL/DE) Target memory
OP code
00000H
byte Memory

Figure 3-40. Example of ES:word[B], ES:word[C]

FFFFFH
r (B/C) Target memory
OP code
00000H
Low Addr.
Memory
High Addr.
Figure 3-41. Example of ES:word[BC]
FFFFFH
rp (BC) Target memory
OP code
00000H
Low Addr.
Memory
High Addr.
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3.4.8 Based indexed addressing

[Function]
Based indexed addressing uses the contents of a register pair specified with the instruction word as the base
address, and the content of the B register or C register similarly specified with the instruction word as offset
address. The sum of these values is used to specify the target address.

[Operand format]

Identifier Description

- [HL+B], [HL+C] (only the space from FOOOOH to FFFFFH is specifiable)

- ES:[HL+B], ES:[HL+C] (higher 4-bit addresses are specified by the ES register)

Figure 3-42. Example of [HL+B], [HL+C]

FFFFFH
| OP code |

FOOOOH

Memory

Figure 3-43. Example of ES:[HL+B], ES:[HL+C]

FFFFFH

| OP code |

rp (HL)

00000H

Memory
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3.4.9 Stack addressing

[Function]
The stack area is indirectly addressed with the stack pointer (SP) contents. This addressing is automatically
employed when the PUSH, POP, subroutine call, and return instructions are executed or the register is
saved/restored upon generation of an interrupt request.
Stack addressing is applied only to the internal RAM area.

[Operand format]

Identifier Description

- PUSH AX/BC/DE/HL
POP AX/BC/DE/HL
CALL/CALLT

RET

BRK

RETB
(Interrupt request generated)

RETI
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4.1 Port Functions

There are five types of pin I/O buffer power supplies: AVRrero, AVRer1, EVbpo, EVop1, and Vop. The relationship
between these power supplies and the pins is shown below.

Table 4-1. Pin I/0 Buffer Power Supplies

Power Supply Corresponding Pins
AVrero P20 to P27, P150 to P157
AVReF1 P110, P111
EVooo, EVop1 « Port pins other than P20 to P27, P110, P111, P121 to P124, and P150 to P157
e RESET and FLMDO pins
Vop e P121to P124
o Non-port pins (excluding RESET and FLMDO pins)

78KOR/KGS3 products are provided with the ports shown in Figure 4-1, which enable variety of control operations.
The functions of each port are shown in Table 4-2.

In addition to the function as digital 1/0 ports, these ports have several alternate functions. For details of the
alternate functions, see CHAPTER 2 PIN FUNCTIONS.

Figure 4-1. Port Types

-~ P70 POO [+

-~ [«=— [ Port0

Port 7 I

- P06 [+ -

~— P77

P10 o
- ~{ P80 e
I " ¢ Port1
Port 8 e
B —— P17 fe——>
~— P87 P20 [+——
~—{ P110
Port 11 {<_> P111 e
Port 2
~— P120 "
Port 12 — "
— ] P27 |[~—
—| P124 P30

} Port 3

P31 [

Port 13 { p130

~— P131 P40 f+—»

| P140

-~ Port 4

Port 14 e

~—{ P45 pa7

~— | P150 P50

Port 15 -~

-~ Port 5

-~ P157 ps7

P60 [+—

Port 6

P67 [+
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Table 4-2. Port Functions (1/2)

Function Name /0 Function After Reset Alternate Function
P00 110 Port 0. Input port TIOO
o2 Input of PO3 and P04 can be set to TTL input buffer. SO10/TxD1
Output of P02 to P04 can be set to N-ch open-drain output X
P03 (Voo tolerance). SI10/RxD1/SDA10
P04 Input/output can be specified in 1-bit units. SCK10/SCL10
P05 Use of an on.-ch|p pull-up resistor can be specified by a CLKOUT
software setting.
P06 WAIT
P10 110 Port 1. Input port SCKO0/EX24
P11 8-bit /O port. SI00/RxDO/EX25
Input/output can be specified in 1-bit units.
P12 . . - SO00/TxD0O/EX26
Use of an on-chip pull-up resistor can be specified by a
P13 software setting. TxD3/EX27
P14 RxD3/EX28
P15 RTCDIV/RTCCL/EX29
P16 TIO1/TOO01/INTPS/
EX30
P17 TI02/TO02/EX31
P20 to P27 1’0 Port 2. Digital input | ANIO to ANI7
8-bit I/0 port. port
Input/output can be specified in 1-bit units.
P30 110 Port 3. Input port RTC1HZ/INTP3
P31 2-bit /O port. TI03/TO03/INTP4
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P4Q™* /10 Port 4. Input port TOOLO
P41 8-bit /0 port. TOOL1
a2 Input of P43 and P44 can be set to TTL input buffer. T104/T004
Output of P43 and P45 can be set to N-ch open-drain output 0 0
P43 (Voo tolerance). SCKOT1
P44 Input/output can be specified in 1-bit units. S101
P45 Use of an on'-chlp pull-up resistor can be specified by a S001
software setting.
P46 INTP1/T105/TO05
P47 INTP2
P50 to P57 110 Port 5. Input port EX8 to EX15
8-bit I/O port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.

Note If on-chip debugging is enabled by using an option byte, be sure to pull up the P40/TOOLO pin externally
(see Caution in 2.2.5 P40 to P47 (port 4)).
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Table 4-2. Port Functions (2/2)

Function Name /0 Function After Reset Alternate Function
P60 110 Port 6. Input port SCLO
Output of P60 to P63 can be set to N-ch open-drain output (6
P62 -
V tolerance).
P63 Input/output can be specified in 1-bit units. -
P64 For only P64 to P67, use of an on-chip pull-up resistor can be RD
P65 specified by a software setting. WRO
P66 WR1
P67 ASTB
P70 to P73 110 Port 7. Input port KRO/EX16 to KR3/
8-bit I/O port. EX19
Input/output can be specified in 1-bit units.
P74 to P77 . . - KR4/EX20/INTP8 to
Use of an on-chip pull-up resistor can be specified by a
. KR7/EX23/INTP11
software setting.
P80 to P87 110 Port 8. Input port EXO to EX7
8-bit 1/0 port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P110 1/0 Port 11. Input port ANOO
2-bit 1/0 port.
P11 Input/output can be specified in 1-bit units. ANOT
P120 110 Port 12. Input port INTPO/EXLVI
P121 Input 1-bit I/O port and 4-bit input port. X1
For only P120, use of an on-chip pull-up resistor can be
P122 - . X2/EXCLK
specified by a software setting.
P123 XT1
P124 XT2
P130 Output | Port 13. Output port -
1-bit output port and 1-bit I/O port.
P131 110 For only P131, use of an on-chip pull-up resistor can be Input port T106/TO06
specified by a software setting.
P140 110 Port 14. Input port PCLBUZO0/INTP6
P141 6-bit I/O port. PCLBUZ1/INTP7
b Input of P142 and P143 can be set to TTL input buffer. SCIE0/SCL
142 Output of P142 to P144 can be set to the N-ch open-drain SCK20/SCL20
P143 output (Voo tolerance). SI120/RxD2/SDA20
P144 Input/output can be specified in 1-bit units. S020/TxD2
P145 Use of an on'-chlp pull-up resistor can be specified by a TI07/TO07
software setting.
P150to P157 | 1/O Port 15. Digital input | ANI8 to ANI15
8-bit I/O port. port

Input/output can be specified in 1-bit units.
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4.2 Port Configuration

Ports include the following hardware.

Table 4-3. Port Configuration

Iltem

Configuration

Control registers

Port mode registers (PMO to PM8, PM11 to PM15)

Port registers (PO to P8, P11 to P15)

Pull-up resistor option registers (PUO, PU1, PU3 to PU8, PU12 to PU14)
Port input mode registers (PIMO, PIM4, PIM14)

Port output mode registers (POM0, POM4, POM14)

A/D port configuration register (ADPC)

Port

Total: 88 (CMOS 1/0: 79, CMOS input: 4, CMOS output: 1, N-ch open drain 1/O: 4)

Pull-up resistor

Total: 61
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4.2.1 Port0

Port 0 is a 7-bit I/O port with an output latch. Port 0 can be set to the input mode or output mode in 1-bit units
using port mode register 0 (PM0). When the P00 to P06 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 0 (PUO).

Input to the P03 and P04 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit units
using port input mode register 0 (PIMO).

Output from the P02 to P04 pins can be specified as N-ch open-drain output (Vop tolerance) in 1-bit units using
port output mode register 0 (POMO).

This port can also be used for timer I/O, serial interface data I/O, clock I/O, internal system clock output, and
external wait signal input.

Reset signal generation sets port 0 to input mode.

Figures 4-2 to 4-7 show block diagrams of port 0.

Cautions 1. To use P01/TO00 as a general-purpose port, set bit 0 (TO00) of timer output register 0 (TOO0)
and bit 0 (TOEO00) of timer output enable register 0 (TOEO) to “0”, which is the same as their
default status setting.

2. To use P02/SO10/TxD1, P03/SI10/RxD1/SDA10, or P04/SCK10/SCL10 as a general-purpose
port, note the serial array unit 0 setting. For details, refer to the following tables.
e Table 13-7 Relationship Between Register Settings and Pins (Channel 2 of Unit 0: CSI10,
UART1 Transmission, lIIC10)
o Table 13-8 Relationship Between Register Settings and Pins (Channel 3 of Unit 0: UART1

Reception)
Figure 4-2. Block Diagram of P00
EVopo, EVob1
] WRepu
PUO
PUOO
P-ch
Alternate
function
RD
| § <} |
3
@ 2
2 | 3
g WRProRT
o PO
£
Output latch
(P0O) © P00/TI00
WRem
PMO
& PMOO
I~/
PO: Port register 0

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

RD: Read signal

WRxx: Write signal
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Figure 4-3. Block Diagram of P01

EVopo,

EVob1

P-ch

WRru
PUO
S PUO1 ) |
RD
S
Pary | g L
N\ | -
[
(%) n
>
% WRProRrT
c PO
o
= A Output latch
~ (PO1)
WRem
PMO
S PMO1
Alternate
function
%
PO: Port register 0
PUOQ: Pull-up resistor option register 0
PMO:  Port mode register 0
RD: Read signal
WRxx: Write signal
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Figure 4-4. Block Diagram of P02

EVopo, EVbbp1

| F1 © P02/SO10/TxD1

110

M-  WReu
PUO
S PUO2
RD
S
i\ | g L
(%] 7]
a
= WRProRT
£ PO
i)
£ A Output latch
~ (PO2)
WRrom
POMO
S POMO02
WReM
PMO
S PMO02
Alternate
function
N
PO: Port register 0
PUO: Pull-up resistor option register 0
PMO:  Port mode register 0
POMO: Port output mode register 0
RD: Read signal
WRxx: Write signal
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Figure 4-5. Block Diagram of P03 and P04

Internal bus

WRprim
PIMO
& PIMO03, PIM04 EVooo, EVop1
WReru
PUO
S PUO3, PUO4
—l P-ch
Alternate
function
CMOS
RD
O—4
_ Vi
| i)
(6]
S | 2 TTL
[0
n
WRrorT -J
PO
A Output latch
© P03/SI10/RxD1/SDA10,

N
U

~ (P03, P04) } I
__/ P04/SCK10/SCL10
WRrom
POMO
& POMO03, POM04

WRem
PMO
= PMO03, PM04
Alternate
function
PO: Port register 0

PUO: Pull-up resistor option register 0
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Figure 4-6. Block Diagram of P05
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Figure 4-7. Block Diagram of P06
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4.2.2 Port1

Port 1 is an 8-bit I/0 port with an output latch. Port 1 can be set to the input mode or output mode in 1-bit units
using port mode register 1 (PM1). When the P10 to P17 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 1 (PU1).

This port can also be used for external interrupt request input, serial interface data I/O, clock 1/O, timer 1/O, real-
time counter clock output, and external expansion output (address bus).

Reset signal generation sets port 1 to input mode.

Figures 4-8 to 4-12 show block diagrams of port 1.

Cautions 1. To use P10/SCKO00/EX24, P11/SI00/RxD0/EX25, P12/SO00/TxDO/EX26, P13/TxD3/EX27, or
P14/RxD3/EX28 as a general-purpose port, note the serial array unit setting. For details, refer
to the following tables.

o Table 13-5 Relationship Between Register Settings and Pins (Channel 0 of Unit 0: CSI00,
UARTO Transmission)

o Table 13-6 Relationship Between Register Settings and Pins (Channel 1 of Unit 0: CSIO01,
UARTO Reception)

e Table 13-11 Relationship Between Register Settings and Pins (Channel 2 of Unit 1: UART3
Transmission)

¢ Table 13-12 Relationship Between Register Settings and Pins (Channel 3 of Unit 1: UART3
Reception)

2. To use P16/TI01/TO01/INTP5/EX30 or P17/TI02/TO02/EX31 as a general-purpose port, set bits
1 and 2 (TO01, TO02) of timer output register 0 (TO0) and bits 1 and 2 (TOE01, TOEO02) of
timer output enable register 0 (TOEOQ) to “0”, which is the same as their default status setting.

3. To use P15/RTCDIV/RTCCL/EX29 as a general-purpose port, set bit 4 (RCLOEO) of real-time
counter control register 0 (RTCCO0) and bit 6 (RCLOEZ2) of real-time counter control register 2
(RTCC2) to “0”, which is the same as their default status settings.

4. Do not enable outputting other alternate functions when the external expansion output
(address bus) function is used.
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Figure 4-8. Block Diagram of P10

EVooo, EVob1

<o

— ——©) P10/SCKO0/EX24

™ WReru
l PU1
© PU10
Alternate
function
RD
| S
S | 3
]
n
WRPpoRT
) P1
o)
T & Output latch
c
§ (P10)
c
- WRem
PM1
S PM10
Alternate
function
Alternate
function
N
P1: Port register 1
PU1: Pull-up resistor option register 1
PM1:  Port mode register 1
RD: Read signal
WRxx: Write signal

User's Manual U17894EJ9VOUD

115



CHAPTER 4 PORT FUNCTIONS

Figure 4-9. Block Diagram of P11 and P14
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Figure 4-10. Block Diagram of P12 and P13
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Figure 4-11. Block Diagram of P15
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Figure 4-12. Block Diagram of P16 and P17
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4.2.3 Port 2

Port 2 is an 8-bit I1/0 port with an output latch. Port 2 can be set to the input mode or output mode in 1-bit units
using port mode register 2 (PM2).

This port can also be used for A/D converter analog input.

To use P20/ANIO to P27/ANI7 as digital input pins, set them in the digital /O mode by using the A/D port
configuration register (ADPC) and in the input mode by using PM2. Use these pins starting from the lower bit.

To use P20/ANIO to P27/ANI7 as digital output pins, set them in the digital I/O mode by using ADPC and in the
output mode by using PM2.

To use P20/ANIO to P27/ANI7 as analog input pins, set them in the analog input mode by using the A/D port
configuration register (ADPC) and in the input mode by using PM2. Use these pins starting from the upper bit.

Table 4-4. Setting Functions of P20/ANIO to P27/ANI7 Pins

ADPC PM2 ADS P20/ANIO to P27/ANI7 Pins
Digital I/0 selection Input mode - Digital input
Output mode - Digital output
Analog input selection Input mode Selects ANI. Analog input (to be converted)
Does not select ANI. Analog input (not to be converted)
Qutput mode Selects ANI. Setting prohibited
Does not select ANI.

All P20/ANIO to P27/ANI7 are set in the digital input mode when the reset signal is generated.
Figure 4-13 shows a block diagram of port 2.

Caution See 2.2.15 AVrero for the voltage to be applied to the AVrero pin when using port 2 as a digital 1/0.
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CHAPTER 4 PORT FUNCTIONS

4.2.4 Port3

Port 3 is a 2-bit I/0O port with an output latch. Port 3 can be set to the input mode or output mode in 1-bit units
using port mode register 3 (PM3). When the P30 and P31 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 3 (PU3).

This port can also be used for external interrupt request input, timer 1/0, and real-time counter correction clock
output.

Reset signal generation sets port 3 to input mode.

Figure 4-14 shows block a diagram of port 3.

Cautions 1. To use P31/TI03/TO03/INTP4 as a general-purpose port, set bit 3 (TO03) of timer output
register 0 (TOO0) and bit 3 (TOEO03) of timer output enable register 0 (TOEO) to “0”, which is the
same as their default status setting.

2. To use P30/RTC1HZ/INTP3 as a general-purpose port, set bit 5 (RCLOE1) of real-time counter
control register 0 (RTCCO) to “0”, which is the same as its default status setting.

Figure 4-14. Block Diagram of P30 and P31
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4.2.5 Port 4

Port 4 is an 8-bit I/0 port with an output latch. Port 4 can be set to the input mode or output mode in 1-bit units
using port mode register 4 (PM4). When the P40 to P47 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 4 (PU4)"".

Input to the P43 and P44 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit units
using port input mode register 4 (PIM4).

Output from the P43 and P45 pins can be specified as N-ch open-drain output (Vop tolerance) in 1-bit units using
port output mode register 4 (POM4).

This port can also be used for external interrupt request input, serial interface data I/O, clock I/O, flash memory
programmer/debugger data I/O, clock output, and timer I/O.

Reset signal generation sets port 4 to input mode.

Figures 4-15 to 4-22 show block diagrams of port 4.

Note When a tool is connected, the P40 and P41 pins cannot be connected to a pull-up resistor.

Cautions 1. When a tool is connected, the P40 pin cannot be used as a port pin.
When the on-chip debug function is used, P41 pin can be used as follows by the mode
setting on the debugger.
1-line mode: can be used as a port (P41).
2-line mode: used as a TOOL1 pin and cannot be used as a port (P41).

2. To use P43/SCKO01, P44/SI01, or P45/SO01 as a general-purpose port, note the serial array
unit 0 setting. For details, refer to Table 13-6 Relationship Between Register Settings and
Pins (Channel 1 of Unit 0: CSI01, UARTO reception).

3. To use P42/TI04/TO04 or P46/INTP1/TI05/TO05 as a general-purpose port, set bits 4 and 5
(TO04, TOO05) of timer output register 0 (TO0) and bits 4 and 5 (TOE04, TOEO05) of timer output
enable register 0 (TOEO) to “0”, which is the same as their default status setting.
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Figure 4-15. Block Diagram of P40
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Figure 4-16. Block Diagram of P41
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Figure 4-17. Block Diagram of P42
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Figure 4-18. Block Diagram of P43
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Figure 4-19. Block Diagram of P44
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Figure 4-20. Block Diagram of P45
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Figure 4-21. Block Diagram of P46
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Figure 4-22. Block Diagram of P47
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4.2.6 Port5
Port 5 is an 8-bit I1/0 port with an output latch. Port 5 can be set to the input mode or output mode in 1-bit units

using port mode register 5 (PM5). When the P50 to P57 pins are used as an input port, use of an on-chip pull-up

resistor can be specified in 1-bit units by pull-up resistor option register 5 (PU5).
This port can also be used for external expansion I/O (multiplexed address/data bus, address bus, data bus).

When the external expansion I/O function is used, it controls the I/O ignoring the settings on port mode register 5
(PM5), port register 5 (P5), and pull-up resistor option register 5 (PU5).

Reset signal generation sets port 5 to input mode.

Figures 4-23 and 4-24 show block diagrams of port 5.

Figure 4-23. Block Diagram of P50 and P51
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Figure 4-24. Block Diagram of P52 to P57
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4.2.7 Port6
Port 6 is an 8-bit I/0 port with an output latch. Port 6 can be set to the input mode or output mode in 1-bit units

using port mode register 6 (PM6). When the P64 to P67 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 6 (PUB6).

The output of the P60 to P63 pins is N-ch open-drain output (6 V tolerance).

This port can also be used for serial interface data I/O, clock /O, read strobe signal output, write strobe signal
output (8-bit bus mode, 16-bit bus mode (lower)), write strobe signal output (16-bit bus mode (higher)), and address
strobe signal output.

Reset signal generation sets port 6 to input mode.

Figures 4-25 to 4-27 show block diagrams of port 6.

Caution Stop the operation of serial interface 1ICO when using P60/SCLO and P61/SDAO as general-

purpose ports.

Figure 4-25. Block Diagram of P60 and P61
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Figure 4-26. Block Diagram of P62 and P63
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Figure 4-27. Block Diagram of P64 to P67
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4.2.8 Port7

Port 7 is an 8-bit 1/0 port with an output latch. Port 7 can be set to the input mode or output mode in 1-bit units
using port mode register 7 (PM7). When used as an input port, use of an on-chip pull-up resistor can be specified in

1-bit units by pull-up resistor option register 7 (PU7).

This port can also be used for key return input, external expansion output (address bus), and interrupt request

input.

Reset signal generation sets port 7 to input mode.

Figure 4-28 shows a block diagram of port 7.

Figure 4-28. Block Diagram of P70 to P77
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4.2.9 Port8
Port 8 is an 8-bit I/0 port with an output latch. Port 8 can be set to the input mode or output mode in 1-bit units

using port mode register 8 (PM8). When the P80 to P87 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 8 (PU8).

This port can also be used for external expansion I/O (multiplexed address/data bus, data bus). When the external
expansion I/O function is used, it controls the I/O ignoring the settings on port mode register 8 (PM8), port register 8
(P8), and pull-up resistor option register 8 (PU8).

Reset signal generation sets port 8 to input mode.

Figures 4-29 shows a block diagram of port 8.

Figure 4-29. Block Diagram of P80 to P87
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4.2.10 Port 11

Port 11 is a 2-bit I/O port with an output latch. Port 11 can be set to the input mode or output mode in 1-bit units

using port mode register 11 (PM11).
This port can also be used for D/A converter analog output.
Reset signal generation sets port 11 to input mode.
Figure 4-30 shows a block diagram of port 11.

Caution See 2.2.16 AVrer1 for the voltage to be applied to the AVrer1 pin when using P110 and P111 as

digital I/O.
<R> Figure 4-30. Block Diagram of P110 and P111
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4.2.11 Port 12
P120 is a 1-bit I/O port with an output latch. Port 12 can be set to the input mode or output mode in 1-bit units

using port mode register 12 (PM12). When used as an input port, use of an on-chip pull-up resistor can be specified
by pull-up resistor option register 12 (PU12).

P121 to P124 are 4-bit input ports.

This port can also be used for external interrupt request input, potential input for external low-voltage detection,
connecting resonator for main system clock, connecting resonator for subsystem clock, and external clock input for
main system clock.

Reset signal generation sets port 12 to input mode.

Figures 4-31 to 4-33 show block diagrams of port 12.

Caution The function setting on P121 to P124 is available only once after the reset release. The port once
set for connection to an oscillator cannot be used as an input port unless the reset is performed.

Figure 4-31. Block Diagram of P120

EVopo, EVbp1
™1 wReu
J PU12
O PU120 boch
)O—l -C
Alternate
function

RD
(2]
g9 | 3
] [}
£

WRPpoRT
P12
Output latch
S (P120) ©) P120/INTPO/EXLVI
WRpm
PM12
&S PM120
~_/

P12: Port register 12

PU12:  Pull-up resistor option register 12
PM12: Port mode register 12

RD: Read signal

WRxx: Write signal
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Figure 4-32. Block Diagram of P121 and P122

© P122/X2/EXCLK

A

© P121/X1

Clock generator [
CMC
OSCSEL
RD
Y «
3
o
g
5 CMC
£
EXCLK, OSCSEL (‘%
RD
i\ | (
| L
\J
CMC: Clock operation mode control register
RD: Read signal
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Figure 4-33. Block Diagram of P123 and P124

142

M\
Clock generator [
CMC
OSCSELS
RD
Fany | ‘
~ | \§ © P124/XT2
3
o
g
5 CMC
£
OSCSELS C% L‘ E
RD
Fany | ‘
¥ | \ © P123/XT1
AV
CMC: Clock operation mode control register
RD: Read signal
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CHAPTER 4 PORT FUNCTIONS

4.2.12 Port 13

P130 is a 1-bit output-only port with an output latch.

P131 is a 1-bit I/O port with an output latch. When used as an input port, use of an on-chip pull-up resistor can be
specified by pull-up resistor option register 13 (PU13).

Reset signal generation sets port 13 to input mode.

This port can also be used for timer 1/O.

Figures 4-34 and 4-35 show block diagrams of port 13.

Caution To use P131/TI06/TO06 as a general-purpose port, set bit 6 (TO06) of timer output register 0 (TOO0)
and bit 6 (TOE06) of timer output enable register 0 (TOEQ) to “0”, which is the same as their

default status setting.

Figure 4-34. Block Diagram of P130

[
RD

.

>

o

©

g WRpoRT P13

£

Output latch |
(P130) I © P130

N

P13: Port register 13
RD: Read signal
WRxx: Write signal

Remark When reset is effected, P130 outputs a low level. If P130 is set to output a high level before reset is
effected, the output signal of P130 can be dummy-output as the CPU reset signal.

Reset signal

P130

!

Set by software
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Figure 4-35. Block Diagram of P131

EVono,

Selector

D
<

EVob1

P-ch

M~  WReu
l PU13
O PU131
Alternate
function
RD
S
[%2]
=}
o]
= WRPoRT
£ P13
2
e
- & Output latch
(P131)
WRem
PM13
S PM131
Alternate
function
%
P13: Port register 13
PU13: Pull-up resistor option register 13
PM13: Port mode register 13
RD: Read signal
WRxx: Write signal

User's Manual U17894EJ9VOUD

—O P131/TI06/TO06



CHAPTER 4 PORT FUNCTIONS

4.2.13 Port 14

Port 14 is a 6-bit I/0 port with an output latch. Port 14 can be set to the input mode or output mode in 1-bit units
using port mode register 14 (PM14). When the P140 to P145 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 14 (PU14).

Input to the P142 and P143 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit units
using port input mode register 14 (PIM14).

Output from the P142 to P144 pins can be specified as N-ch open-drain output (Voo tolerance) in 1-bit units using
port output mode register 14 (POM14).

This port can also be used for timer 1/O, external interrupt request input, clock/buzzer output, serial interface data
1/0, and clock 1/O.

Reset signal generation sets port 14 to input mode.

Figures 4-36 to 4-38 show block diagrams of port 14.

Cautions 1. To use P142/SCK20/SCL20, P143/SI20/RxD2/SDA20, or P144/S020/TxD2 as a general-purpose
port, note the serial array unit 1 setting. For details, refer to the following tables.
e Table 13-9 Relationship Between Register Settings and Pins (Channel 0 of Unit 1: CSI20,
UART2 Transmission, 11C20)
e Table 13-10 Relationship Between Register Settings and Pins (Channel 1 of Unit 1: UART2
Reception)

2. To use P145/TI07/TO07 as a general-purpose port, set bit 7 (TO07) of timer output register 0
(TOO0) and bit 7 (TOEO07) of timer output enable register 0 (TOEO) to “0”, which is the same as
their default status setting.

3. To use P140/PCLBUZO/INTP6 or P141/PCLBUZ1/INTP7 as a general-purpose port, set bit 7 of
clock output select registers 0 and 1 (CKS0, CKS1) to “0”, which is the same as their default
status settings.
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Figure 4-36. Block Diagram of P140, P141, and P145
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© PU140, PU141, PU145
Alternate
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S
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2 WRPpoRT
©
£ P14
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£ Output latch
~ (P140, P141, P145)
WReM
PM14
S PM140, PM141, PM145
Alternate
function
0 Y%
P14: Port register 14
PU14: Pull-up resistor option register 14
PM14: Port mode register 14
RD: Read signal
WRxx: Write signal
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Figure 4-37. Block Diagram of P142 and P143
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PIM14: Port input mode register 14

POM14: Port output mode register 14
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P14: Port register 14
PU14: Pull-up resistor option register 14
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