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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 Vic (MAX) and ViH (MIN) due to noise, etc., the device may
malfunction. Take care to prevent chattering noise from entering the device when the input level is fixed,
and also in the transition period when the input level passes through the area between Vi (MAX) and
ViH (MIN).

HANDLING OF UNUSED INPUT PINS

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

PRECAUTION AGAINST ESD

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

STATUS BEFORE INITIALIZATION

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

POWER ON/OFF SEQUENCE

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

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

INPUT OF SIGNAL DURING POWER OFF STATE

Do not input signals or an 1/0 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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EEPROM is a trademark of NEC Electronics Corporation.

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

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

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

SPARCSstation is a trademark of SPARC International, Inc.

Solaris and SunOS are trademarks of Sun Microsystems, Inc.

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 September, 2006. The information is subject to
change without notice. For actual design-in, refer to the latest publications of NEC Electronics data
sheets or data books, etc., for the most up-to-date specifications of NEC Electronics products. Not
all products and/or types are available in every country. Please check with an NEC Electronics sales
representative for availability and additional information.

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

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

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

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

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

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

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

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

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

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

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

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

(Note)

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

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

MSE 02.11-1
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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
78KO/KE1+ and design and develop application systems and programs for these
devices.

The target products are as follows.

78KO/KE1+: 4PD78F0132H, 78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD,
78F0132H(A), 78F0133H(A), 78F0134H(A), 78F0136H(A), 78F0138H(A),
78F0132H(A1), 78F0133H(A1), 78F0134H(A1), 78F0136H(A1), 78F0138H(A1)

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

The 78K0/KE1+ manual is separated into two parts: this manual and the instructions
edition (common to the 78K/0 Series).

78K0/KE1+ 78K/0 Series
User’s Manual User’s Manual
(This Manual) Instructions
e Pin functions e CPU functions
¢ Internal block functions o Instruction set
o Interrupts e 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 — Only the quality grade differs between standard products and (A), (A1) grade
products. Read the part number as follows.
. uPD78F0132H — 4PD78F0132H(A), 78F0132H(A1)
« uPD78F0133H — 4PD78F0133H(A), 78F0133H(A1)
. uPD78F0134H — 4PD78F0134H(A), 78F0134H(A1)
. uPD78F0136H — 4PD78F0136H(A), 78F0136H(A1)
. uPD78F0138H — 4PD78F0138H(A), 78F0138H(A1)
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.

e How to interpret the register format:

— For a bit number enclosed in brackets, the bit name is defined as a reserved word
in the RA78KO0, and is defined as an sfr variable by #pragma sfr directive in the
CC78KO0.

e To check the details of a register when you know the register name:

— Refer to APPENDIX C REGISTER INDEX.

User's Manual U16899EJ3VOUD 5



e To know details of the 78K/0 Series instructions:

— Refer to the separate document 78K/0 Series Instructions User’s Manual

(U12326E).

Conventions Data significance:

Active low representations:

Higher digits on the left and lower digits on the right
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 e XXXX
Hexadecimal ---xxxxH
Differences Between 78K0/KE1+ and 78K0/KE1
Series Name 78KO0/KE1+ 78K0/KE1
ltem
Mask ROM version None Available

Flash Power supply Single power supply Two power supplies
memory Self-programming function | Available None
version
Option byte Internal oscillator can be stopped/cannot None
be stopped selectable
Version with on-chip debug function Available (4PD78F0138HD) None
Regulator None Available

Power-on clear function 2.1V £0.1V (fixed)

2.85V +0.15V or 3.5V £0.2 V selectable

Minimum instruction execution time

0.125 us (at 16 MHz operation)

0.166 us (at 12 MHz operation)

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.
78KO/KE1+ User’s Manual This manual
78KO0/KE1 User's Manual U16228E
78K/0 Series Instructions User's Manual U12326E
78K0/Kx1+ Flash Memory Self Programming User’'s Manual U16701E

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 Development Tools (Software) (User’s Manuals)

Document Name Document No.
RA78KO0 Ver. 3.80 Assembler Package Operation U17199E
Language U17198E

Structured Assembly Language U17197E

CC78KO0 Ver. 3.70 C Compiler Operation U17201E
Language U17200E
SM+ System Simulator Operation U17246E
User Open Interface U17247E
ID78K0-QB Ver. 2.81 Integrated Debugger Operation U16996E
PM plus Ver. 5.20 U16934E

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

Document Name Document No.
QB-78K0KX1H In-Circuit Emulator U17081E
QB-78KOMINI On-Chip Debug Emulator U17029E

Documents Related to Flash Memory Programming

Document Name Document No.

PG-FP4 Flash Memory Programmer User's Manual U15260E
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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1.1 Features

16

CHAPTER 1 OUTLINE

O Minimum instruction execution time can be changed from high speed (0.125 us: @ 16 MHz operation with high-

speed system clock) to ultra low-speed (122 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

©)
©)
©)
©)
©)
O
©)
@)
©)
©)
©)

O

O

ROM, RAM capacities
Item Program Memory Data Memory
Part Number (ROM) Internal High-Speed Internal Expansion RAM"**®
RAMNote
4PD78F0132H Flash memory*® | 16 KB 512 bytes -
uPD78F0133H 24 KB 1024 bytes
HPD78F0134H 32 KB
uPD78F0136H 48 KB 1024 bytes 1024 bytes
4PD78F0138H, 78F0138HD 60 KB

Note The internal flash memory, internal high-speed RAM capacities, and internal expansion RAM capacities

can be changed using the internal memory size switching register (IMS) and the internal expansion RAM
size switching register (IXS).

On-chip single-power-supply flash memory

Self-programming (with boot swap function)
On-chip debug function (¢PD78F0138HD only)
On-chip power-on-clear (POC) circuit and low-voltage detector (LVI)

Short startup is possible via the CPU default start using the on-chip internal oscillator

On-chip clock monitor function using on-chip internal oscillator

On-chip watchdog timer (operable with internal oscillation clock)

On-chip multiplier/divider

On-chip key interrupt function

On-chip clock output/buzzer output controller
I/O ports: 51 (N-ch open drain: 4)

Timer

H#PD78F0132H: 7 channels

uPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD: 8 channels

Serial interface
H#PD78F0132H: 2 channels

(UART (LIN (Local Interconnect Network)-bus supported): 1 channel, CSI/UART": 1 channel)
uPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD: 3 channels
(UART (LIN (Local Interconnect Network)-bus supported: 1 channel, CSI/UARTN®: 1 channel, CSI: 1 channel)

Note Select either of the functions of these alternate-function pins.
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<R>

<R>

CHAPTER 1 OUTLINE

O 10-bit resolution A/D converter: 8 channels
O Supply voltage:
« Standard products and (A) grade products:
Voo = 2.5 to 5.5 V (with internal oscillation clock or subsystem clock: Voo = 2.0 to 5.5 VN°'¢ 1)
* (A1) grade products:
Vb = 2.7 to 5.5 V (with internal oscillation clock: Vop = 2.0 to 5.5 V"¢ ?)
O Operating ambient temperature:
» Standard products and (A) grade products: Ta=—40 to +85°C
* (A1) grade products: Ta=-40to +110°C

Notes 1. Use the product in a voltage range of 2.2 to 5.5 V because the detection voltage (Vroc) of the
power-on-clear (POC) circuit is 2.1 V £0.1 V.

2. Use the product in a voltage range of 2.25 to 5.5 V because the detection voltage (Vroc) of the
power-on-clear (POC) circuit is 2.0 to 2.25 V.

1.2 Applications

O Automotive equipment
o System control for body electricals (power windows, keyless entry reception, etc.)
e Sub-microcontrollers for control
O Home audio, car audio
O AV equipment
O PC peripheral equipment (keyboards, etc.)
O Household electrical appliances
e Outdoor air conditioner units
o Microwave ovens, electric rice cookers
O Industrial equipment
e Pumps
e Vending machines
e FA (Factory Automation)
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CHAPTER 1 OUTLINE

<R> 1.3 Ordering Information

e Flash memory version

Part Number Package Quality Grade
uPD78F0132HGB-8EU 64-pin plastic LQFP (10 x 10) Standard
uPD78F0132HGB-8EU-A 64-pin plastic LQFP (10 x 10) Standard
uPD78F0132HGC-8BS 64-pin plastic LQFP (14 x 14) Standard
uPD78F0132HGC-8ES-A 64-pin plastic LQFP (14 x 14) Standard
uPD78F0132HGK-9ET 64-pin plastic TQFP (12 x 12) Standard
uPD78F0132HGK-9ET-A 64-pin plastic TQFP (12 x 12) Standard
uPD78F0133HGB-8EU 64-pin plastic LQFP (10 x 10) Standard
41PD78F0133HGB-8EU-A 64-pin plastic LQFP (10 x 10) Standard
uPD78F0133HGC-8BS 64-pin plastic LQFP (14 x 14) Standard
uPD78F0133HGC-8ES-A 64-pin plastic LQFP (14 x 14) Standard
1PD78F0133HGK-9ET 64-pin plastic TQFP (12 x 12) Standard
uPD78F0133HGK-9ET-A 64-pin plastic TQFP (12 x 12) Standard
uPD78F0134HGB-8EU 64-pin plastic LQFP (10 x 10) Standard
1PD78F0134HGB-8EU-A 64-pin plastic LQFP (10 x 10) Standard
uPD78F0134HGC-8BS 64-pin plastic LQFP (14 x 14) Standard
uPD78F0134HGC-8ES-A 64-pin plastic LQFP (14 x 14) Standard
uPD78F0134HGK-9ET 64-pin plastic TQFP (12 x 12) Standard
UPD78F0134HGK-9ET-A 64-pin plastic TQFP (12 x 12) Standard
uPD78F0136HGB-8EU 64-pin plastic LQFP (10 x 10) Standard
41PD78F0136HGB-8EU-A 64-pin plastic LQFP (10 x 10) Standard
uPD78F0136HGC-8BS 64-pin plastic LQFP (14 x 14) Standard
uPD78F0136HGC-8ES-A 64-pin plastic LQFP (14 x 14) Standard
uPD78F0136HGK-9ET 64-pin plastic TQFP (12 x 12) Standard
uPD78F0136HGK-9ET-A 64-pin plastic TQFP (12 x 12) Standard
uPD78F0138HGB-8EU 64-pin plastic LQFP (10 x 10) Standard
4PD78F0138HGB-8EU-A 64-pin plastic LQFP (10 x 10) Standard
uPD78F0138HGC-8BS 64-pin plastic LQFP (14 x 14) Standard
uPD78F0138HGC-8ES-A 64-pin plastic LQFP (14 x 14) Standard
uPD78F0138HGK-9ET 64-pin plastic TQFP (12 x 12) Standard
uPD78F0138HGK-9ET-A 64-pin plastic TQFP (12 x 12) Standard
uPD78F0138HDGB-8EU Mt 64-pin plastic LQFP (10 x 10) Standard
uPD78F0138HDGC-8BS Nt 64-pin plastic LQFP (14 x 14) Standard
1PD78F0138HDGK-8A8-A Mot 64-pin plastic LQFP (12 x 12) Standard

Note Only the ES (emulation sample) version is available. Use this product for program evaluation.

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

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 its
recommended applications.
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Part Number Package Quality Grade
uPD78F0132HGB(A)-8EU 64-pin plastic LQFP (10 x 10) Special
uPD78F0132HGB(A)-8EU-A 64-pin plastic LQFP (10 x 10) Special
uPD78F0132HGC(A)-8BS 64-pin plastic LQFP (14 x 14) Special
HuPD78F0132HGC(A)-8ES-A 64-pin plastic LQFP (14 x 14) Special
uPD78F0132HGK(A)-9ET 64-pin plastic TQFP (12 x 12) Special
uPD78F0132HGK(A)-9ET-A 64-pin plastic TQFP (12 x 12) Special
uPD78F0133HGB(A)-8EU 64-pin plastic LQFP (10 x 10) Special
uPD78F0133HGB(A)-8EU-A 64-pin plastic LQFP (10 x 10) Special
uPD78F0133HGC(A)-8BS 64-pin plastic LQFP (14 x 14) Special
uPD78F0133HGC(A)-8ES-A 64-pin plastic LQFP (14 x 14) Special
uPD78F0133HGK(A)-9ET 64-pin plastic TQFP (12 x 12) Special
uPD78F0133HGK(A)-9ET-A 64-pin plastic TQFP (12 x 12) Special
uPD78F0134HGB(A)-8EU 64-pin plastic LQFP (10 x 10) Special
uPD78F0134HGB(A)-8EU-A 64-pin plastic LQFP (10 x 10) Special
uPD78F0134HGC(A)-8BS 64-pin plastic LQFP (14 x 14) Special
uPD78F0134HGC(A)-8ES-A 64-pin plastic LQFP (14 x 14) Special
uPD78F0134HGK(A)-9ET 64-pin plastic TQFP (12 x 12) Special
uPD78F0134HGK(A)-9ET-A 64-pin plastic TQFP (12 x 12) Special
uPD78F0136HGB(A)-8EU 64-pin plastic LQFP (10 x 10) Special
uPD78F0136HGB(A)-8EU-A 64-pin plastic LQFP (10 x 10) Special
uPD78F0136HGC(A)-8BS 64-pin plastic LQFP (14 x 14) Special
uPD78F0136HGC(A)-8ES-A 64-pin plastic LQFP (14 x 14) Special
uPD78F0136HGK(A)-9ET 64-pin plastic TQFP (12 x 12) Special
uPD78F0136HGK(A)-9ET-A 64-pin plastic TQFP (12 x 12) Special
uPD78F0138HGB(A)-8EU 64-pin plastic LQFP (10 x 10) Special
uPD78F0138HGB(A)-8EU-A 64-pin plastic LQFP (10 x 10) Special
uPD78F0138HGC(A)-8BS 64-pin plastic LQFP (14 x 14) Special
uPD78F0138HGC(A)-8ES-A 64-pin plastic LQFP (14 x 14) Special
uPD78F0138HGK(A)-9ET 64-pin plastic TQFP (12 x 12) Special
uPD78F0138HGK(A)-9ET-A 64-pin plastic TQFP (12 x 12) Special

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

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 its
recommended applications.
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Part Number Package Quality Grade
uPD78F0132HGB(A1)-8EU 64-pin plastic LQFP (10 x 10) Special
uPD78F0132HGB(A1)-8EU-A 64-pin plastic LQFP (10 x 10) Special
uPD78F0132HGC(A1)-8BS 64-pin plastic LQFP (14 x 14) Special
HuPD78F0132HGC(A1)-8ES-A 64-pin plastic LQFP (14 x 14) Special
uPD78F0132HGK(A1)-9ET 64-pin plastic TQFP (12 x 12) Special
HuPD78F0132HGK(A1)-9ET-A 64-pin plastic TQFP (12 x 12) Special
uPD78F0133HGB(A1)-8EU 64-pin plastic LQFP (10 x 10) Special
uPD78F0133HGB(A1)-8EU-A 64-pin plastic LQFP (10 x 10) Special
uPD78F0133HGC(A1)-8BS 64-pin plastic LQFP (14 x 14) Special
uPD78F0133HGC(A1)-8ES-A 64-pin plastic LQFP (14 x 14) Special
uPD78F0133HGK(A1)-9ET 64-pin plastic TQFP (12 x 12) Special
HuPD78F0133HGK(A1)-9ET-A 64-pin plastic TQFP (12 x 12) Special
uPD78F0134HGB(A1)-8EU 64-pin plastic LQFP (10 x 10) Special
uPD78F0134HGB(A1)-8EU-A 64-pin plastic LQFP (10 x 10) Special
uPD78F0134HGC(A1)-8BS 64-pin plastic LQFP (14 x 14) Special
HuPD78F0134HGC(A1)-8ES-A 64-pin plastic LQFP (14 x 14) Special
uPD78F0134HGK(A1)-9ET 64-pin plastic TQFP (12 x 12) Special
HuPD78F0134HGK(A1)-9ET-A 64-pin plastic TQFP (12 x 12) Special
uPD78F0136HGB(A1)-8EU 64-pin plastic LQFP (10 x 10) Special
uPD78F0136HGB(A1)-8EU-A 64-pin plastic LQFP (10 x 10) Special
uPD78F0136HGC(A1)-8BS 64-pin plastic LQFP (14 x 14) Special
uPD78F0136HGC(A1)-8ES-A 64-pin plastic LQFP (14 x 14) Special
uPD78F0136HGK(A1)-9ET 64-pin plastic TQFP (12 x 12) Special
HuPD78F0136HGK(A1)-9ET-A 64-pin plastic TQFP (12 x 12) Special
uPD78F0138HGB(A1)-8EU 64-pin plastic LQFP (10 x 10) Special
uPD78F0138HGB(A1)-8EU-A 64-pin plastic LQFP (10 x 10) Special
uPD78F0138HGC(A1)-8BS 64-pin plastic LQFP (14 x 14) Special
uPD78F0138HGC(A1)-8ES-A 64-pin plastic LQFP (14 x 14) Special
uPD78F0138HGK(A1)-9ET 64-pin plastic TQFP (12 x 12) Special
HuPD78F0138HGK(A1)-9ET-A 64-pin plastic TQFP (12 x 12) Special

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

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 its
recommended applications.
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1.4 Pin Configuration (Top View)

e 64-pin plastic LQFP (10 x 10)
e 64-pin plastic LQFP (14 x 14)
e 64-pin plastic TQFP (12 x 12)
e 64-pin plastic LQFP (12 x 12)

0
1
2
3
4
5
6
7

@ [«—0 P20/AN
B =—0O P21/AN
B f=—0 P22/AN
@ l«—O P23/AN
S |=—0O P24/AN
D l=—O P25/AN
Al=——0O P26/AN
A l=—O P27/AN
& =—O P70/KRO
A —0 P71/KR1
g f+—0 P72/KR2
A l=—O P73/KR3
& |=—=0 P74/KR4
A [«—0O P75/KR5
I l=—O P76/KR6
& l—0 P77/IKR7

AVrRer O——— 1 O 48 f+—O P40
AVss O— 2 47 |+—=0O P41
FLMDO O—— 3 46 |+—=0O P42
VooO——— 4 45 |[=—=0O P43
NCO——5 44 |=—=0O P50
Vss O—— 6 43 [+—0O P51
X1O0——={ 7 42 |+—=0O P52
X20——18 41 |=—O P53
RESETO—— 9 40 |=—O P00/TI000
XTLO—»{ 10 39 |=—=0O P01/T1010/TO00
XT20—— 11 38 |[=——0O P02/SO11Note
P130 O=— 12 37 [«~—0O P03/SI11Note
P120/INTPO O=—| 13 36 |=——=O P04/SCK11Nte
P33/TI5L/TO51/INTP4 O=—| 14 35 [«—O P05/SSI11N°te/T|001Note
P32/INTP3 O=~—+{ 15 34 |=——O P0O6/TI01 1Nt/ TO0L Nt
P31/INTP2 O~—+| 16 33——OEVo
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
££££££££££££££££
2223zR¢cpger
SSSLSsITO QSIS
SSES 53
2883 " g
=
S
o

Note SO11, SI11, SCK11, SSI11, TI001, TI011, and TOO1 are available only in the 4PD78F0133H, 78F0134H,
78F0136H, 78F0138H, and 78F0138HD.

Caution Connect the AVss pin to Vss.
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Pin Identification

ANIO to ANI7: Analog input P140, P141: Port 14

AVREF: Analog reference voltage PCL: Programmable clock output

AVss: Analog ground RESET: Reset

BUZ: Buzzer output RxDO0, RxD6: Receive data

EVoD: Power supply for port SCK10, SCK11V°": Serial clock input/output

EVss: Ground for port S110, SI1Nete: Serial data input

FLMDO, FLMD1: Flash programming mode S010, SO11™°:  Serial data output

INTPO to INTP7: External interrupt input SSI1qNete; Serial interface chip select input
KRO to KR7: Key return TIO0O0, TIO10,

NC: Non-connection TI001N", TI011Nte,

P00 to P06: Port 0 TI50, TI51: Timer input

P10 to P17: Port 1 TO00, TO01N*,

P20 to P27: Port 2 TO50, TO51,

P30 to P33: Port 3 TOHO, TOH1: Timer output

P40 to P43: Port 4 TxDO, TxD6: Transmit data

P50 to P53: Port 5 Vob: Power supply

P60 to P63: Port 6 Vss: Ground

P70 to P77: Port 7 X1, X2: Crystal oscillator (high-speed system clock)
P120: Port 12 XT1, XT2: Crystal oscillator (subsystem clock)
P130: Port 13

Note SO11, SI11, SCK11, SSI11, TI001, TI011, and TOO1 are available only in the 4PD78F0133H, 78F0134H,
78F0136H, 78F0138H, and 78F0138HD.
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1.5 Kx1 Series Lineup
1.5.1 78K0/Kx1, 78K0/Kx1+ product lineup
« 30-pin SSOP (7.62 mm 0.65 mm pitch)
78K0/KB1 78K0/KB1+
LPD78F0103 ©PD780103 | ——  uPD78Fo103H |
Two-power-supply Mask ROM: 24 KB, Single-power-supply flash memory: 24 KB,
flash memory: 24 KB, RAM: 768 B RAM: 768 B
RAM: 768 B 4PD780102 | —— uPD78FO102H |
Mask ROM: 16 KB, Single-power-supply flash memory: 16 KB,
RAM: 768 B RAM: 768 B
uPD780101 || 4PD78FO101H |
Mask ROM: 8 KB, Single-power-supply flash memory: 8 KB,
RAM: 512 B RAM: 512 B
o 44-pin LQFP (10 x 10 mm 0.8 mm pitch)
78K0/KC1 78K0/KC1+
[ upD78FOL14 uPD780114 | ——uPD78FO114H/HD™"]
Two-power-supply Mask ROM: 32 KB, Single-power-supply flash memory: 32 KB,
flash memory: 32 KB, RAM: 1 KB M: 1 KB
RAM: 1 KB uPD780118  |——| uPD7BFOLI3H |
Mask ROM: 24 KB, Single-power-supply flash memory: 24 KB,
RAM: 1 KB M: 1 KB
upp780112  |——| uPD7BFOLIZH |
Mask ROM: 16 KB, Single-power-supply flash memory: 16 KB,
RAM: 512 B RAM: 512 B
Mask ROM: 8 KB,
RAM: 512 B
* 52-pin LQFP (10 x 10 mm 0.65 mm pitch)
78K0/KD1 78K0/KD1+
[ wpp78FO124 4PD780124 | ——]uPD78F0124HIHD"™"]
Two-power-supply Mask ROM: 32 KB, Single-power-supply flash memory: 32 KB,
flash memory: 32 KB, RAM: 1 KB RAM: 1 KB
RAM: 1 KB ©PD780123 | —— uPD78FO123H |
Mask ROM: 24 KB, Single-power-supply flash memory: 24 KB,
RAM: 1 KB RAM: 1 KB
uPD780122 | —— uPD78FO122H |
Mask ROM: 16 KB, Single-power-supply flash memory: 16 KB,
RAM: 512 B RAM: 512 B

1PD780121

Mask ROM: 8 KB,
RAM: 512 B

 64-pin LQFP, TQFP (10 x 10 mm 0.5 mm pitch, 12 x 12 mm 0.65 mm pitch, 14 x 14 mm 0.8 mm pitch)

78KO/KE1

78KO/KE1+

[ wporsrorss || uPD780138

| ———[uPp78For3srHD™

Two-power-supply Mask ROM: 60 KB,

Single-power-supply flash memory:
KB

RAM: 2

| uporerorzen |

flash memory: 60 KB, RAM: 2 KB

RAM: 2KB | uPD780136
Mask ROM: 48 KB,
RAM: 2 KB

RAI

uPD78F0134 |—4 uPD780134

F——— wrorsrorzan |

Two-power-supply Mask ROM: 32 KB,
flash memory: 32 KB, RAM: 1 KB

Single-power-supply flash memory:
M: 1 KB

RAM: 1 KB —{ wep7soss | upprsrorsan |

Mask ROM: 24 KB,
RAM: 1 KB

RAI

—|  wPD780132

| wuporerozan |

Mask ROM: 16 KB,
RAM: 512 B

Mask ROM: 8 KB,

RA

uPD780131

RAM: 512 B
« 80-pin TQFP, QFP (12 x 12 mm 0.5 mm pitch, 14 x 14 mm 0.65 mm pitch)
78K0/KF1 78KO0/KF1+
[ uPp7gFo148 uPD780148 | ———|{uPD78FOL48H/HD™
Two-power-supply Mask ROM: 60 KB, Single-power-supply flash memory:
flash memory: 60 KB, RAM: 2 KB RAM: 2 KB

RAM: 2 KB

uPD780146

Mask ROM: 48 KB,
RAM: 2 KB

uPD780144

Mask ROM: 32 KB,
RAM: 1 KB

1PD780143

Mask ROM: 24 KB,
RAM: 1 KB

Note Product with on-chip debug function
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Single-power-supply flash memory:
M: 2 KB

Single-power-supply flash memory:
M: 1 KB

Single-power-supply flash memory:
M: 512 B

60 KB,

48 KB,

32 KB,

24 KB,

16 KB,

60 KB,

23



CHAPTER 1 OUTLINE

The list of functions in the 78K0/Kx1 is shown below.

Part Number |  78K0/KB1 78KO0/KC1 78K0/KD1 78KO/KE1 78KO0/KF1
Item
Number of pins 30 pins 44 pins 52 pins 64 pins 80 pins
Internal | Mask ROM 8 |16/ — | 8 |24/| — | 8/ |24/ — | 8 |24/ — |48/ | — |24/ |48/ | -
memory 24 16 | 32 16 | 32 16 | 32 60 32 | 60
(KB) Flash memory - 24 - 32 - 32 - 32| - | 60 - 60
RAM 05| 075 |05 1 05| 1 05| 1 2 1| 2
Power supply voltage Voo = 2.5 to 5.5 VNotes -2
Minimum instruction execution time | 0.166 us (when 12 MHz, Voo = | <Connect REGC pin to Voo>
40t05.5V) 0.166 us (when 12 MHz, Voo = 4.0 to 5.5 V)
0.2 us (when 10 MHz, Voo = 0.2 us (when 10 MHz, Voo = 3.5 t0 5.5 V)
35t05.5V) 0.238 us (when 8.38 MHz, Voo = 3.0 to 5.5 V)
0.238 us (when 8.38 MHz, Voo | 0.4 us (when 5 MHz, Vob = 2.5 t0 5.5 V)
=3.0t05.5V)
0.4 us (when 5 MHz, Voo = 2.5
to 5.5V)
Clock X1 input 21012 MHz
Subclock - | 32.768 kHz
Internal oscillator 240 kHz (TYP.)
Port CMOS I/0 17 19 26 | 38 54
CMOS input 4 8
CMOS output 1
N-ch open-drain /O - | 4
Timer | 16 bits (TMO) 1ch 2ch [1ch| 2ch
8 bits (TM5) 1¢ch | 2 ch
8 bits (TMH) 2ch
For watch - | 1ch
WDT 1ch
Serial | 3-wire CSIN*®® 1 ¢ch 2ch 1ch| 2ch
interface | Automatic transmit/ - 1ch
receive 3-wire CSlI
UART"*®? - 1 ¢ch
UART supporting LIN-bus 1ch
10-bit A/D converter 4 ch 8 ch
Interrupt | External 6 7 8 9 9
Internal 1] 12 15 16 | 19 17| 20
Key return input - 4 ch 8 ch
Reset |RESET pin Provided
POC 2.85V +0.15 V/3.5V £0.20 V (selectable by mask option)
LVI 2.85V/3.1V/3.3V £0.15 V/3.5 V/3.7 V/3.9 V/4.1 V4.3 V £0.2 V (selectable by software)
Clock monitor Provided
WDT Provided
Clock output/buzzer output - Clock output Provided
only
Multiplier/divider - 16 bits x 16 bits, 32 bits + 16 bits
ROM correction | Provided -
Standby function HALT/STOP mode

Operating ambient temperature

Standard and special (A) grade products: —40 to +85°C

Special (A1) grade products: —40 to +110°C (mask ROM version),
—40 to +105°C (flash memory version)

Special (A2) grade products: —40 to +125°C (mask ROM version)

Notes 1.

If the POC circuit detection voltage (Vroc) is used with 2.85 V +£0.15 V, then use the products in the voltage
range of 3.0 to 5.5 V.

2. If the POC circuit detection voltage (Vroc) is used with 3.5 V 0.2 V, then use the products in the voltage

range of 3.7t0 5.5 V.

3. Select either of the functions of these alternate-function pins.

24
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The list of functions in the 78K0/Kx1+ is shown below.

Part Number | 78K0/KB1+ 78KO/KC1+ 78KO0/KD1+ 78KO/KE1+ 78KO0/KF1+
Item
Number of pins 30 pins 44 pins 52 pins 64 pins 80 pins
Internal | Flash memory 8 16/24 16 24/32 16 24/32 16 24/32 48/60 60
memory
(KB) RAM 0.5 0.75 0.5 1 0.5 1 0.5 1 2 2

Power supply voltage

Voo = 2.5 to 5.5 V (with internal oscillation clock or subclock: Voo = 2.0 to 5.5 V')

Minimum instruction execution time

0.125 us (when 16 MHz, Voo = 4.0 to 5.5 V), 0.2 us (when 10 MHz, Voo = 3.5 to 5.5 V),
0.238 us (when 8.38 MHz, Voo = 3.0 to 5.5 V), 0.4 us (when 5 MHz, Voo =2.5t0 5.5 V)

Clock Crystal/ceramic 2 to 16 MHz
RC 3104 MHz | -
Subclock - | 32.768 kHz
Internal oscillator 240 kHz (TYP.)
Ports | CMOS I/O 17 19 | 26 | 38 54
CMOS input 4 8
CMOS output 1
N-ch open-drain /O - | 4
Timer 16 bits (TMO) 1ch 2ch
8 bits (TMS5) 1¢ch | 2¢ch
8 bits (TMH) 2ch
For watch - | 1ch
WDT 1ch
Serial | 3-wire CSIN'®? 1 ch 2ch
interface | Automatic transmit/ - 1ch
receive 3-wire CSI
UARTNO?2 - 1ch
UART supporting LIN-bus 1ch
10-bit A/D converter 4 ch 8 ch
Interrupts | External 6 7 | 8 9 9
Internal 11 12 15 16 | 19 20
Key return input - 4 ch | 8 ch
Reset RESET pin Provided
POC 2.1V 0.1 V (detection voltage is fixed)
LVI 2.35V/2.6 V/2.85V/3.1V/3.3V £0.15 V/3.5V/3.7 VI3.9V/4.1 V/A3V 0.2V
(selectable by software)
Clock monitor Provided
WDT Provided
Clock output/buzzer output - Clock output Provided
only
External bus interface - | Provided
Multiplier/divider - 16 bits x 16 bits, 32 bits + 16 bits
ROM correction - Provided | -
Self-programming function Provided

Product with on-chip debug
function

uPD78F0114HD, 78F0124HD, 78F0138HD, 78F0148HD

Standby function

HALT/STOP mode

Operating ambient temperature

Standard and special (A) grade products: —40 to +85°C
Special (A1) grade products: —40 to +110°C

Notes 1.
22to55V.

Because the POC circuit detection voltage (Vroc) is 2.1 V £0.1 V, use the products in the voltage range of

2. Select either of the functions of these alternate-function pins.
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1.5.2 V850ES/Kx1, VB50ES/Kx1+ product lineup

* 64-pin plastic LQFP (10 x 10 mm, 0.5 mm pitch)
* 64-pin plastic TQFP (12 x 12 mm, 0.65 mm pitch)

VB50ES/KE1

1PD70F3207HY

uPD703207Y

uPD70F3207H

Single-power flash: 128 KB,
RAM: 4 KB

1PD703207

Mask ROM: 128 KB,
RAM: 4 KB

« 80-pin plastic TQFP (12 x 12 mm, 0.5 mm pitch)
« 80-pin plastic QFP (14 x 14 mm, 0.65 mm pitch)

V850ES/KF1

pPD70F3211H

Single-power flash: 256 KB,
RAM: 12 KB

HPD70F3210HY

HPD70F3210H

Single-power flash: 128 KB,
RAM: 6 KB

uPD70F3210Y

uPD70F3210

Two-power flash: 128 KB,
RAM: 6 KB

uPD703211

Mask ROM: 256 KB,
RAM: 12 KB

uPD703210Y
1PD703210

Mask ROM: 128 KB,
RAM: 6 KB

1PD703209Y
1PD703209

Mask ROM: 96 KB,
RAM: 4 KB

uPD703208Y

1PD703208

Mask ROM: 64 KB,
RAM: 4 KB

« 100-pin plastic LQFP (14 x 14 mm, 0.5 mm pitch)
« 100-pin plastic QFP (14 x 20 mm, 0.65 mm pitch)

V850ES/KG1

UPD70F3215H

Single-power flash: 256 KB,
RAM: 16 KB

1PD70F3214HY
uPD70F3214H

Single-power flash: 128 KB,
RAM: 6 KB

uPD70F3214Y
1PD70F3214

Two-power flash: 128 KB,
RAM: 6 KB

uPD703215

Mask ROM: 256 KB,
RAM: 16 KB

uPD703214Y
uPD703214

Mask ROM: 128 KB,
RAM: 6 KB

1PD703213

Mask ROM: 96 KB,
RAM: 4 KB

©PD703212

Mask ROM: 64 KB,
RAM: 4 KB

* 144-pin plastic LQFP (20 x 20 mm, 0.5 mm pitch)

V850ES/KJ1

4PD70F3218HY

uPD70F3218H

Single-power flash: 256 KB,
RAM: 16 KB

nPD70F3217H

Single-power flash: 128 KB,
RAM: 6 KB

uPD70F3217

Two-power flash: 128 KB,
RAM: 6 KB

26

uPD703217

Mask ROM: 128 KB,
RAM: 6 KB

uPD703216Y
uPD703216

Mask ROM: 96 KB,
RAM: 6 KB

VB50ES/KE1+

uPD70F3302Y

uPD70F3302

Single-power flash: 128 KB,
RAM: 4 KB

uPD703302Y

uPD703302

Mask ROM: 128 KB,
RAM: 4 KB

V850ES/KF1+

1PD70F3308Y

uPD70F3308

Single-power flash: 256 KB,
RAM: 12 KB

uPD70F3306Y

1PD703308Y

uPD703308

Mask ROM: 256 KB,
RAM: 12 KB

uPD70F3306

Single-power flash: 128 KB,
RAM: 6 KB

V850ES/KG1+

uPD703313

Mask ROM: 256 KB,
RAM: 16 KB

uPD70F3313

Single-power flash: 256 KB,
RAM: 16 KB

uPD70F3311

Single-power flash: 128 KB,
RAM: 6 KB

V850ES/KJ1+

UPD70F3318Y

uPD70F3318

Single-power flash: 256 KB,
RAM: 16 KB

uPD70F3316Y

uPD70F3316

Single-power flash: 128 KB,
RAM: 6 KB
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CHAPTER 1 OUTLINE

The list of functions in the VB50ES/Kx1 is shown below.

Product Name V850ES/KE1 V850ES/KF1 V850ES/KG1 V850ES/KJ1
Number of pins 64 pins 80 pins 100 pins 144 pins
Internal | Mask ROM 128 - 64/ (128 | - |256| — |64/ |128| — |256 96/ - -
memory 96 96 128
(KB) Flash memory - 128 - | - |128] - |256] — | - |128]| - |256| - 128 256
RAM 4 4 6 12 4 6 16 6 16
Supply voltage 27t055V
Minimum instruction execution time 50 ns @20 MHz
Clock X1 input 2to 10 MHz
Subclock 32.768 kHz
Internal oscillator -
Port CMOS input 8 8 8 16
CMOS 1/0 41 (4)V’ 57 (B)\*" 72 (8N 106 (12)M*"
N-ch open-drain I/O 2 2 4 6
Timer 16-bit (TMP) 1ch - 1ch - 1ch - 1ch
16-bit (TMO) 1ch 2ch 4 ch 6 ch
8-bit (TM5) 2ch 2ch 2ch 2ch
8-bit (TMH) 2ch 2 ch 2 ch 2ch
Interval timer 1ch 1ch 1ch 1ch
Watch 1ch 1ch 1ch 1ch
WDT1 1ch 1ch 1ch 1ch
WDT2 1ch 1ch 1ch 1ch
RTO 6 bits x 1 ch 6 bits x 1 ch 6 bits x 1 ch 6 bits x 2 ch
Serial CSlI 2ch 2ch 2ch 3ch
interface | Automatic transmit/receive - 1ch 2ch 2ch
3-wire CSI
UART 2ch 2ch 2ch 3ch
UART supporting LIN-bus - - - -
[Pchote2 1 ¢ch 1 ¢ch 1 ¢ch 2ch
External | Address space - 128 KB 3 MB 15 MB
bus Address bus - 16 bits 22 bits 24 bits
Mode - Multiplex only Multiplex/separate
DMA controller - - - -
10-bit A/D converter 8 ch 8 ch 8 ch 16 ch
8-bit D/A converter - - 2ch 2ch
Interrupt | External 8 8 8 8
Internal 25/26N°? 25/26N°%  [2g/29"7  30/31""°2  [33/34N°?|  3giaoNte? | 41/43%2
Key return input 8 ch 8 ch 8 ch 8 ch
Reset RESET pin Provided
POC None
LVI None
Clock monitor None
WDT1 Provided
WDT2 Provided
ROM correction 4
Regulator None Provided
Standby function HALT/IDLE/STOP/sub-IDLE mode

Operating ambient temperature

Ta=-40to +85°C

Notes 1.

2. Only in products with an I°C bus (Y products). For the product name, refer to each user’s manual.

User’s Manual U16899EJ3VOUD

The number of channels in parentheses indicates the number of pins for which the N-ch open drain
output can be selected by software.

27



CHAPTER 1 OUTLINE

The list of functions in the VB50ES/Kx1+ is shown below.

Product Name V850ES/KE1+ V850ES/KF1+ V850ES/KG1+ V850ES/KJ1+
Number of pins 64 pins 80 pins 100 pins 144 pins
Internal Mask ROM 128 - - 256 - - 256 - - -
memory | Flash memory - 128 128 - 256 128 - 256 128 256
K8) RAM 4 6 12 6 16 6 16
Supply voltage 27t055V
Minimum instruction execution time 50 ns @20 MHz
Clock X1 input 2 to 10 MHz
Subclock 32.768 kHz
Internal oscillator 240 kHz (TYP.)
Port CMOS input 8 8 8 16
CMOS 1/0 41 (4N 57 (6)"°" 72 ()" 106 (12)M°"
N-ch open-drain I/O 2 2 4 6
Timer 16-bit (TMP) 1ch 1ch 1ch 1ch
16-bit (TMO) 1ch 2ch 4 ch 6 ch
8-bit (TM5) 2ch 2ch 2ch 2ch
8-bit (TMH) 2ch 2ch 2ch 2ch
Interval timer 1ch 1ch 1ch 1ch
Watch 1ch 1ch 1ch 1ch
WDT1 1ch 1ch 1ch 1ch
WDT2 1ch 1ch 1ch 1ch
RTO 6 bits x 1 ch 6 bits x 1 ch 6 bits x 1 ch 6 bits x 2 ch
Serial CSl 2ch 2ch 2ch 3ch
interface | Automatic transmit/receive - 1ch 2c¢ch 2c¢ch
3-wire CSI
UART 1ch 1ch 2ch 2ch
UART supporting LIN-bus 1ch 1ch 1ch 1ch
[Pchote2 1¢ch 1¢ch 1ch 2ch
External | Address space - 128 KB 3 MB 15 MB
bus Address bus - 16 bits 22 bits 24 bits
Mode - Multiplex only Multiplex/separate
DMA controller - - 4 ch 4 ch
10-bit A/D converter 8 ch 8 ch 8ch 16 ch
8-bit D/A converter - - 2ch 2ch
Interrupt | External 9 9 9 9
Internal 26/27""? 29/30""? 41/42"? 46/48"?
Key return input 8 ch 8 ch 8 ch 8 ch
Reset RESET pin Provided
POC 2.7V or less fixed
LVI 3.1V/3.3V 10.15V or 3.5 V/3.7 V/3.9 V/4.1 V/4.3 V +0.2 V (selectable by software)
Clock monitor Provided (monitor by internal oscillator)
WDT1 Provided
WDT2 Provided
ROM correction 4 None
Regulator None Provided
Standby function HALT/IDLE/STOP/sub-IDLE mode
Operating ambient temperature Ta =-40 to +85°C

Notes 1. The number of channels in parentheses indicates the number of pins for which the N-ch open drain
output can be selected by software.
2. Only in products with an I°C bus (Y products). For the product name, refer to each user’s manual.
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CHAPTER 1 OUTLINE

1.6 Block Diagram

TOO00/TI010/P01 ~—
TIO00/PO0 ——

16-bit timer/
event counter 00

TOO1* H/TI0114' /P06 ~——~1
TI001M* /P05 ——~

16-bit timer/Note *
event counter 01

TOHO/P15 ~—j

8-bit timer HO

TOH1/P16 =——

8-bit timer H1

TI50/TO50/P17 ——

8-bit timer/
event counter 50

TI51/TO51/P33 ~—=

8-bit timer/
event counter 51

Watch timer

Watchdog timer

RxDO/P11 —
TxDO/P10 =—{

Serial
interface UARTO

RxD6/P14 —
TXD6/P13 =—-|

Serial
interface UART6

SI110/P11 —
SO10/P12 =—
SCK10/P10 =—*

Serial
interface CSI10

Sl11Noe1/pO3 ——=
SO11Nte /P2 ——
SCK11Note 1/p04 =—
SSl11Nete 1/po5 ——

Serial interface
CSlllNole 1

g ¢ ¢ 8838 ¢ g 4 8 g 4

ANIO/P20 to
ANI7/P27 “
AVRer ——
AVss ———

A/D converter

{

INTPO/P120 —

INTP1/P30 to
INTP4/P33 II>
INTP5/P16 ——=

INTP6/P140,
INTP7/P141

Interrupt control

Multiplier & divider

K=

Notes 1.

78K/0
CPU
core

Flash
memory

g 4

g U

Internal Internal
high-speed| | expansion
RAM RAMMNete 2
Vopo, Vss, FLMDO,

EVoo EVss FLMD1

2. uPD78F0136H, 78F0138H, and 78F0138HD only
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g ¢ 00 0 U400 geLTLL LYY

Port 0 <Z>POO to PO6
Port 1 K8 >P10to P17
Port 2 K8 P20t P27
Port 3 4" »P30to P33
Port 4 4" >P40 to P43
Port5 2 >P50to P53
Port 6 <& >P60 to P63
Port 7 K8 >P701t0 P77
Port 12 ~—> P120
Port 13 — P130
Port 14 K 2 >P140, P141

Buzzer output BUZ/P141

Clock output control PCL/P140
Clock monitor
Power on clear/ POC/LVI
low voltage control
indicator
Key return K8 ] ﬁE%’;;g to
Reset control
Internal oscillator
ROM correction°t¢?
[<~—RESET
X1
System control X2
[~—XT1
XT2

uPD78F0133H, 78F0134H, 78F0136H, 78F0138H, and 78F0138HD only.
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CHAPTER 1 OUTLINE

1.7 Outline of Functions

(1/2)
Item uPD78F0132H | 4PD78F0133H | zPD78F0134H | .PD78F0136H | «.PD78F0138H |¢PD78F0138HD
Internal | Flash memory 16 K 24 K 32K 48 K 60 K 60 K
memory | (self-programming
(bytes) | supported)°te’
High-speed RAMM*" | 512 1K
Expansion RAMNe'®! - 1K
Memory space 64 KB

High-speed system clock Crystal/ceramic/external clock oscillation
(oscillation frequency)
Standard products and (A) 2t0 16 MHz: Voo =4.0t0 5.5V, 2t0 10 MHz: Voo = 3.5t0 5.5V,
grade products 2108.38 MHz: Voo =3.0t0 5.5V, 2t0 5 MHz: Voo =2.5t0 5.5V
(A1) grade products 21016 MHz: Voo =4.0t0 5.5V, 2t0 10 MHz: Voo =3.5t0 5.5V,
21t08.38 MHz: Voo =3.0t0 5.5V, 2t0o 5 MHz: Voo =2.7t0 5.5V
Internal oscillation clock On-chip internal oscillation (240 kHz (TYP.): Voo = 2.0 to 5.5 V¢ %3)
(oscillation frequency)
Subsystem clock Crystal/external clock oscillation
(oscillation frequency)
Standard products and (A) | 32.768 kHz: Voo = 2.0 to 5.5 VN2
grade products
(A1) grade products 32.768 kHz: Voo = 2.7 t0 5.5V
General-purpose registers 8 bits x 32 registers (8 bits x 8 registers x 4 banks)
Minimum instruction execution 0.125 us/0.25 us/0.5 us/1.0 us/2.0 us (high-speed system clock: @ fxe = 16 MHz operation)
time 8.3 us/16.6 us/33.2 us/66.4 us/132.8 us (TYP.) (internal oscillation clock: @ fr = 240 kHz
(TYP.) operation)
122 us (subsystem clock: when operating at fxr = 32.768 kHz)
Instruction set « 16-bit operation
» Multiply/divide (8 bits x 8 bits, 16 bits + 8 bits)
» Bit manipulate (set, reset, test, and Boolean operation)
» BCD adjust, etc.
I/0 ports Total: 51
CMOS I/0 38
CMOS input 8
CMOS output 1
N-ch open-drain /O 4
Notes 1. The internal flash memory capacity, internal high-speed RAM capacity, and internal expansion RAM
capacity can be changed using the internal memory size switching register (IMS) and the internal
expansion RAM size switching register (IXS).
2. Use the product in a voltage range of 2.2 to 5.5 V because the detection voltage (Vroc) of the power-on-
clear (POC) circuitis 2.1V £0.1 V.
3. For (A1) grade products, use the product in a voltage range of 2.25 to 5.5 V because the detection voltage
(Vroc) of the power-on-clear (POC) circuit is 2.0 to 2.25 V.
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(2/2)

ltem

uPD78F0132H | xPD78F0133H | 4PD78F0134H | xPD78F0136H | «PD78F0138H I;LPD78F0138HD

Timers + 16-bit timer/event counter: 2 channels (1 channel only in the zPD78F0132H)
+ 8-bit timer/event counter: 2 channels
+ 8-bit timer: 2 channels
* Watch timer 1 channel
» Watchdog timer: 1 channel

Timer outputs 5 (PWM 6 (PWM output: 4)

output: 4)

Clock output » 78.125 kHz, 156.25 kHz, 312.5 kHz, 625 kHz, 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz

(high-speed system clock: @10 MHz operation)
+ 32.768 kHz (subsystem clock: @32.768 kHz operation)

Buzzer output

1.22 kHz, 2.44 kHz, 4.88 kHz, 9.77 kHz (high-speed system clock: @10 MHz operation)

A/D converter

10-bit resolution x 8 channels

Serial interface

* UART mode supporting LIN-bus: 1 channel
+ 3-wire serial /O mode: 1 channel (none in the xPD78F0132H)
« 3-wire serial I/O mode/UART mode"": 1 channel

Multiplier/divider

+ 16 bits x 16 bits = 32 bits (multiplication)
+ 32 bits + 16 bits = 32 bits remainder of 16 bits (division)

Vectored interrupt | Internal

16 19

sources External

9

Key interrupt

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

Reset

« Reset using RESET pin

* Internal reset by watchdog timer

* Internal reset by clock monitor

* Internal reset by power-on-clear

« Internal reset by low-voltage detector

ROM correction - Provided
On-chip debug function - Provided
Supply voltage + Standard products and (A) grade products:

Vob = 2.5 to 5.5 V (with internal oscillation clock or subsystem clock: Voo = 2.0 to 5.5 \Note 2)

* (A1) grade products:
Voo = 2.7 to 5.5 V (with internal oscillation clock: Voo = 2.0 to 5.5 VN %)

Operating ambient temperature

» Standard products and (A) grade products : Ta = —-40 to +85°C
* (A1) grade products : Ta =-40to +110°C

Package

* 64-pin plastic LQFP (10 x 10)
* 64-pin plastic LQFP (14 x 14)
* 64-pin plastic TQFP (12 x 12)
« 64-pin plastic LQFP (12 x 12)N°t*

Notes 1. Select either of the functions of these alternate-function pins.

2. Use the product in a voltage range of 2.2 to 5.5 V because the detection voltage (Vroc) of the power-on-
clear (POC) circuitis 2.1V £0.1 V.

3. Use the product in a voltage range of 2.25 to 5.5 V because the detection voltage (Vroc) of the power-on-
clear (POC) circuitis 2.0 t0 2.25 V.

4, 4PD78F0138HD only
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An outline of the timer is shown below.

16-Bit Timer/ 8-Bit Timer/ 8-Bit Timers HO and | Watch |Watchdog
Event Counters 00 Event Counters HA1 Timer Timer
and 01" 50 and 51
TM0O |[TMO1Y*®'| TM50 TM51 TMHO | TMH1
Operation | Interval timer 1 channel | 1 channel | 1 channel | 1 channel | 1 channel | 1 channel | 4 char:;?glz -
mode External event counter 1 channel | 1 channel | 1 channel | 1 channel - - - -
Watchdog timer - - - - - - - 1 channel
Function | Timer output 1 output | 1output | 1output | 1output | 1 output | 1 output - -
PPG output 1 output | 1 output - - - - - -
PWM output - - 1 output | 1 output | 1 output | 1 output - -
Pulse width measurement | 2inputs | 2 inputs - - - - - -
Square-wave output 1 output | 1 output | 1 output | 1output | 1 output | 1 output - -
Interrupt source 2 2 1 1 1 1 1 -

Notes 1. 16-bit timer/event counter 01 is available only in the xPD78F0133H, 78F0134H, 78F0136H, 78F0138H,
and 78F0138HD.
2. In the watch timer, the watch timer function and interval timer function can be used simultaneously.

Remark TM51 and TMH1 can be used in combination as a carrier generator mode.
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CHAPTER 2 PIN FUNCTIONS

2.1 Pin Function List

There are three types of pin 1/O buffer power supplies: AVrer, EVop, and Vopo. The relationship between these
power supplies and the pins is shown below.

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

Power Supply Corresponding Pins
AVRer P20 to P27
EVop Port pins other than P20 to P27
Vob Pins other than port pins
(1) Port pins (1/2)
Pin Name I/10 Function After Reset | Alternate Function
P00 I/0 Port 0. Input TI000
PO1 7-bit /O port. TI010/TO00
Input/output can be specified in 1-bit units. Not
P02 . . - SO11%*
Use of an on-chip pull-up resistor can be specified by a
P03 software setting. si11ter
P04 SCKITNte
P05 SSITT™*®/TI001N"
P06 TIo11N*/TO01"*
P10 I/0 Port 1. Input SCK10/TxD0
P11 8-bit I/0 port. SI10/RxD0
Input/output can be specified in 1-bit units.
P12 . . - SO10
Use of an on-chip pull-up resistor can be specified by a
P13 software setting. TxD6
P14 RxD6
P15 TOHO
P16 TOH1/INTP5
P17 TI50/TO50/FLMD1
P20 to P27 Input Port 2. Input ANIO to ANI7
8-bit input-only port.
P30 to P32 I/0 Port 3. Input INTP1 to INTP3
4-bit 1/O port.
Input/output can be specified in 1-bit units.
P33 Use of an on-chip pull-up resistor can be specified by a INTP4/T151/TO51
software setting.

Note SO11, SI11, SCK11, SSI11, TI001, TI011, and TOO01 are available only in the xPD78F0133H, 78F0134H,
78F0136H, 78F0138H, and 78F0138HD.
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CHAPTER 2 PIN FUNCTIONS

(1) Port pins (2/2)

Pin Name

110

Function

After Reset

Alternate Function

P40 to P43

/10

Port 4.

4-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.

Input

P50 to P53

1/10

Port 5.

4-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.

Input

P60 to P63

/10

Port 6.
4-bit I/0 port (N-ch open drain).
Input/output can be specified in 1-bit units.

Input

P70 to P77

110

Port 7.

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.

Input

KRO to KR7

P120

/10

Port 12.

1-bit I/O port.

Use of an on-chip pull-up resistor can be specified by a
software setting.

Input

INTPO

P130

Output

Port 13.
1-bit output-only port.

Output

P140

P141

110

Port 14.

2-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.

Input

PCL/INTP6

BUZ/INTP7

34
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CHAPTER 2 PIN FUNCTIONS

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

Pin Name 110 Function After Reset | Alternate Function
INTPO Input External interrupt request input for which the valid edge (rising | Input P120
INTP1 to INTP3 edge, falling edge, or both rising and falling edges) can be P30 to P32
INTP4 specified P33/TI151/TO51
INTP5 P16/TOH1
INTP6 P140/PCL
INTP7 P141/BUZ
S0 Input Serial data input to serial interface Input P11/RxD0
Sl P03
SO10 Output Serial data output from serial interface Input P12
so11M P02
'SCK10 110 Clock input/output for serial interface Input P10/TxDO
SCK11M*® P04
SSi1Nte Input Serial interface chip select input Input P05/TI001
RxDO Input Serial data input to asynchronous serial interface Input P11/S110
RxD6 P14
TxDO Output Serial data output from asynchronous serial interface Input P10/SCK10
TxD6 P13
TI000 Input External count clock input to 16-bit timer/event counter 00 Input P00
Capture trigger input to capture registers (CR000, CR010) of
16-bit timer/event counter 00
TIo01N External count clock input to 16-bit timer/event counter 01 P05/SSI11V*
Capture trigger input to capture registers (CR001, CR011) of
16-bit timer/event counter 01
TI010 Capture trigger input to capture register (CR000) of 16-bit P01/TO00
timer/event counter 00
TIo1qNete Capture trigger input to capture register (CR001) of 16-bit PO6/TO01"
timer/event counter 01
TOO00 Output 16-bit timer/event counter 00 output Input P0O1/TI010
TOO1Nte 16-bit timer/event counter 01 output P06/TIO11N*®
TI50 Input External count clock input to 8-bit timer/event counter 50 Input P17/TO50/FLMD1
TI51 External count clock input to 8-bit timer/event counter 51 P33/TO51/INTP4
TO50 Output 8-bit timer/event counter 50 output Input P17/TI50/FLMD1
TO51 8-bit timer/event counter 51 output P33/TI51/INTP4
TOHO 8-bit timer HO output P15
TOH1 8-bit timer H1 output P16/INTP5
PCL Output Clock output (for trimming of high-speed system clock, Input P140/INTP6
subsystem clock)
BUZ Output Buzzer output Input P141/INTP7
ANIO to ANI7 Input A/D converter analog input Input P20 to P27

Note SO11, SI11, SCK11, SSI11, TI001, TI011, and TOO1 are available only in the xPD78F0133H, 78F0134H,
78F0136H, 78F0138H, and 78F0138HD.
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(2) Non-port pins (2/2)

Pin Name 110 Function After Reset | Alternate Function

AVRer Input A/D converter reference voltage input and positive power - -
supply for port 2

AVss - A/D converter ground potential. Make the same potential as - -
EVss or Vss.

KRO to KR7 Input Key interrupt input Input P70 to P77

RESET Input System reset input - -

X1 Input Connecting resonator for high-speed system clock - -

X2 - - -

XT1 Input Connecting resonator for subsystem clock - -

XT2 - - -

Vob - Positive power supply (except for ports) - -

EVoo - Positive power supply for ports - -

Vss - Ground potential (except for ports) - -

EVss - Ground potential for ports - -

FLMDO - Flash memory programming mode setting. - -

FLMD1 Input P17/T150/TO50

NC - Not internally connected. Leave open (can also be connected - -
to Voo or Vss).
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CHAPTER 2 PIN FUNCTIONS

2.2 Description of Pin Functions

2.2.1 P00 to P06 (port 0)

P00 to P06 function as a 7-bit I/O port. These pins also function as timer 1/O, serial interface data 1/O, clock 1/O,
and chip select input.

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

(1) Port mode
P00 to P06 function as a 7-bit 1/0 port. P00 to P06 can be set to input or output in 1-bit units using port mode
register 0 (PM0). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 0 (PUOQ).

(2) Control mode
P00 to P06 function as timer I/O, serial interface data I/O, clock 1/0, and chip select input.

(a) TI1000, TIOO1"t
These are the pins for inputting an external count clock to 16-bit timer/event counters 00 and 01 and are also
for inputting a capture trigger signal to the capture registers (CR000, CR010 or CR001, CR011) of 16-bit
timer/event counters 00 and 01.

(b) TI010, TIO11N*®
These are the pins for inputting a capture trigger signal to the capture register (CR0O00 or CR001) of 16-bit
timer/event counters 00 and 01.

(c) TO00, TO01"°*®
These are timer output pins.

(d) st
This is a serial interface serial data input pin.

(e) so1qhee
This is a serial interface serial data output pin.

(f) SCK1Vte
This is the serial interface serial clock 1/0O pin.

(g) SSHAN®
This is the serial interface chip select input pin.

Note TIOO1, TI011, TOO1, SI11, SO11, SCK11, and SSI11 are available only in the xPD78F0133H,
78F0134H, 78F0136H, 78F0138H, and 78F0138HD.
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2.2.2 P10 to P17 (port 1)

P10 to P17 function as an 8-bit I/O port. These pins also function as pins for external interrupt request input, serial
interface data 1/O, clock /O, timer I/O, and flash memory programming mode setting.

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

(1) Port mode
P10 to P17 function as an 8-bit I1/0 port. P10 to P17 can be set to input or output 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 1/0, clock 1/O, timer I/O, and flash
memory programming mode setting.

(a) Si10
This is a serial interface serial data input pin.

(b) SO10
This is a serial interface serial data output pin.

(c) SCK10
This is a serial interface serial clock 1/0 pin.

(d) RxDO, RxD6
These are the serial data input pins of the asynchronous serial interface.

(e) TxDO, TxD6
These are the serial data output pins of the asynchronous serial interface.

(f) TI50
This is the pin for inputting an external count clock to 8-bit timer/event counter 50.

(g) TO50, TOHO, and TOH1
These are timer output pins.

(h) 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.

(i) FLMD1
This is the pin for setting the flash memory programming mode.
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2.2.3 P20 to P27 (port 2)
P20 to P27 function as an 8-bit input-only port. These pins also function as pins for 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 input-only port.

(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 (5) ANIO/P20 to ANI7/P27 in 12.6 Cautions for A/D Converter.

2.2.4 P30 to P33 (port 3)

P30 to P33 function as a 4-bit I/0O port. These pins also function as pins for external interrupt request input and
timer 1/0.

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

(1) Port mode
P30 to P33 function as a 4-bit 1/0 port. P30 to P33 can be set to input or output 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).

(2) Control mode
P30 to P33 function as external interrupt request input pins and timer I/O pins.

(a) INTP1 to 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) TI51
This is an external count clock input pin to 8-bit timer/event counter 51.

(c) TO51
This is a timer output pin.

Caution In the zPD78F0138HD, be sure to pull the P31 pin down after reset to prevent malfunction.

Remark P31/INTP2 and P32/INTP3 of the 4#PD78F0138HD can be used as on-chip debug mode setting pins
when the on-chip debug function is used. For details, refer to CHAPTER 27 ON-CHIP DEBUG
FUNCTION (uPD78F0138HD ONLY).

2.2.5 P40 to P43 (port 4)
P40 to P43 function as a 4-bit I/O port. P40 to P43 can be set to input or output 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).

2.2.6 P50 to P53 (port 5)

P50 to P53 function as a 4-bit 1/0 port. P50 to P53 can be set to input or output 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 (PU5).
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2.2.7 P60 to P63 (port 6)

P60 to P63 function as a 4-bit I/O port. P60 to P63 can be set to input port or output port in 1-bit units using port
mode register 6 (PM6).

P60 to P63 are N-ch open-drain pins.

2.2.8 P70 to P77 (port 7)
P70 to P77 function as an 8-bit I/0 port. These pins also function as key interrupt input pins.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P70 to P77 function as an 8-bit I/O port. P70 to P77 can be set to input or output 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).

(2) Control mode
P70 to P77 function as key interrupt input pins.

2.2.9 P120 (port 12)
P120 functions as a 1-bit /0O port. This pin also functions as a pin for external interrupt request input.
The following operation modes can be specified.

(1) Port mode
P120 functions as a 1-bit I/O port. P120 can be set to input or output 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).

(2) Control mode
P120 functions as an external interrupt request input pin (INTPO) for which the valid edge (rising edge, falling
edge, or both rising and falling edges) can be specified.

2.2.10 P130 (port 13)
P130 functions as a 1-bit output-only port.

2.2.11 P140 and P141 (port 14)

P140 and P141 function as a 2-bit I/O port. These pins also function as external interrupt request input, clock
output, and buzzer output pins.

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

(1) Port mode
P140 and P141 function as a 2-bit I/O port. P140 and P141 can be set to input or output 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 and P141 function as external interrupt request input, clock output, and buzzer output pins.

(a) INTPS, 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.
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(b) PCL
This is a clock output pin.

(c) BUZ
This is a buzzer output pin.

2.2.12 AVReF
This is the A/D converter reference voltage input pin.

When the A/D converter is not used, connect this pin directly to EVop or Voohete,

Note Connect port 2 directly to EVop when it is used as a digital port.

2.2.13 AVss
This is the A/D converter ground potential pin. Even when the A/D converter is not used, always use this pin with
the same potential as the EVss pin or Vss pin.

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

2.2.15 X1 and X2
These are the pins for connecting a resonator for high-speed system clock.
When supplying an external clock, input a signal to the X1 pin and input the inverse signal to the X2 pin.

Remark The X1 and X2 pins of the 4PD78F0138HD can be used as on-chip debug mode setting pins when the
on-chip debug function is used. For details, refer to CHAPTER 27 ON-CHIP DEBUG FUNCTION
(uPD78F0138HD ONLY).

2.2.16 XT1 and XT2
These are the pins for connecting a resonator for subsystem clock.
When supplying an external clock, input a signal to the XT1 pin and input the inverse signal to the XT2 pin.

2.2.17 Voo and EVob
Vb is the positive power supply pin for other than ports.
EVob is the positive power supply pin for ports.

2.2.18 Vss and EVss
Vss is the ground potential pin for other than ports.
EVss is the ground potential pin for ports.

2.2.19 FLMDO and FLMD1
This is a pin for setting flash memory programming mode.
Connect FLMDO to EVss or Vss in the normal operation mode (FLMD1 is not used in the normal operation mode).
In flash memory programming mode, be sure to connect these pins to the flash programmer.
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2.3 Pin I/O Circuits and Recommended Connection of Unused Pins

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

Refer to Figure 2-1 for the configuration of the I/O circuit of each type.

Table 2-2. Pin I/O Circuit Types (1/2)

Pin Name 1/0 Circuit Type I/0 Recommended Connection of Unused Pins
POO/TI000 8-A I/0 Input:  Independently connect to EVop or EVss via a resistor.
P01/T1010/TO00 Output: Leave open.
P02/SO11N°*
P03/sI11"*
P04/SCK11"*®
P05/SSITI*/TI001M"
P06/TI011M*/TO0 1"
P10/SCK10/TxD0
P11/S110/RxDO0
P12/SO10 5-A
P13/TxD6
P14/RxD6 8-A
P15/TOHO 5-A
P16/TOH1/INTP5 8-A
P17/T150/TO50/FLMD1
P20/ANIO to P27/ANI7 9-C Input Connect to AVrer or AVss.
P30/INTP1 8-A I/0 Input:  Independently connect to EVop or EVss via a resistor.
P31/INTP2 Output: Leave open.
(except uPD78F0138HD)
P31/INTP2 («PD78F0138HD) Connect to EVss via a resistor.
P32/INTP3 Input:  Independently connect to EVop or EVss via a resistor.
P33/TI51/TO51/INTP4 Output: Leave open.
P40 to P43 5-A
P50 to P53
P60, P61 13-R Input: Connect to EVss.
P62, P63 13-W Output: Leave this pin open at low-level output after clearing
the output latch of the port to 0.
P70/KRO to P77/KR7 8-A Input:  Independently connect to EVop or EVss via a resistor.
P120/INTPO Output: Leave open.
P130 3-C Output Leave open.
P140/PCL/INTP6 8-A I/0 Input:  Independently connect to EVop or EVss via a resistor.
P141/BUZ/INTP7 Output: Leave open.

Note SO11, SI11, SCK11, SSI11, TI001, TI011, and TOO1 are available only in the 4PD78F0133H, 78F0134H,
78F0136H, 78F0138H, and 78F0138HD.
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Table 2-2. Pin I/O Circuit Types (2/2)

Pin Name 1/0O Circuit Type I/0 Recommended Connection of Unused Pins
RESET 2 Input Connect to EVop or Vob.
XT1 16 Connect directly to EVss or Vss"®*".
XT2 - Leave open.
AVRer - Connect directly to EVop or Voot 2,
AVss Connect directly to EVss or Vss.
FLMDO Connect to EVss or Vss.

Notes 1. Bit 6 (FRC) of the processor clock control register (PCC) must be set to 1 after reset mode is released.
2. Connect port 2 directly to EVop when it is used as a digital port.
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Figure 2-1. Pin I/O Circuit List (1/2)
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Figure 2-1. Pin I/O Circuit List (2/2)
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3.1 Memory Space

46

Products in the 78K0/KE1+ can each access a 64 KB memory space. Figures 3-1 to 3-6 show the memory maps.

Caution Regardless of the internal memory capacity, the initial values of the internal memory size
switching register (IMS) and internal expansion RAM size switching register (IXS) of all products
in the 78K0/KE1+ are fixed (IMS = CFH, IXS = OCH). Therefore, set the value corresponding to
each product as indicated below. In addition, set the following values to the IMS and the IXS
when using the 78K0/KE1+ to evaluate the program of a mask ROM version of the 78 K0/KE1.

Table 3-1. Set Values of Internal Memory Size Switching Register (IMS)
and Internal Expansion RAM Size Switching Register (IXS)

Flash Memory Version Target Mask ROM Version IMS IXS
(78KO/KE1+) (78KO/KE1)
- uPD780131 42H OCH
uPD78F0132H uPD780132 44H
uPD78F0133H uPD780133 C6H
uPD78F0134H uPD780134 C8H
uPD78F0136H uPD780136 CCH 0AH
uPD78F0138H, 78F0138HD | 4PD780138 CFH
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<R> Figure 3-1. Memory Map (xzPD78F0132H)
FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits 3FFFH
FEDFH
3= Pt =~ Program area -
; 1FFFH
Internal high-speed RAM 1085H
512 x 8 bit: :
Sl 1084H Option byte area°'®
1080H 5 x 8 bits
FDOOH 107FH Boot cluster 1
FCFFH
Program area
Data memory
1000H
space OFFFH
- CALLF entry area L
2048 x 8 bits
=~ Reserved ot 0800H
07FFH
ig Program area ng
T 1915 x 8 bits T
0085H
0084H Option byte areaN°t® Boot cluster 0
0080H 5 x 8 bits
007FH
4000H CALLT table area
SFFFH 64 x 8 bits
0040H
003FH
Program A Flash memory s
memory space T 16384 x 8 hits T Vector table area
64 x 8 bits
000O0H 0000H

Note When boot swap is not used: Set the option bytes to 0080H to 0084H.
When boot swap is used: Set the option bytes to 0080H to 0084H and 1080H to 1084H.
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<R>

Figure 3-2. Memory Map (zPD78F0133H)

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH|  General-purpose
registers

FEEOH 32 x 8 hits SEFEH

FEDFH
Internal high-speed RAM 1085H
1024 x 8 bits 1084H
1080H
FBOOH 107FH

FAFFH

Data memory

1 H
space oFPen
=~ Reserved e 0800H
07FFH
0085H
0084H
0080H
007FH

6000H

5FFFH
0040H
003FH

Program _ Flash memory £
memory space a 24576 x 8 bits T

0000H 0000H

Program area

Option byte areaN°te
5 x 8 bits

Program area

Boot ¢

T 1FFFHT

luster 1

CALLF entry area
2048 x 8 bits

Program area
1915 x 8 bits

Option byte areaN°te
5 x 8 bits

Boot ¢

CALLT table area
64 x 8 bits

Vector table area
64 x 8 bits

luster 0
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Note When boot swap is not used: Set the option bytes to 0080H to 0084H.

When boot swap is used:
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Figure 3-3. Memory Map (zPD78F0134H)

Data memory
space

Program

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits 7EFEH
FEDFH
Internal high-speed RAM 1085H
1024 x 8 bits 1084H
1080H
FBOOH 107FH
FAFFH
1000H
OFFFH
=0~ Reserved ot 0800H
07FFH
0085H
0084H
0080H
007FH
8000H
7FFFH
0040H
003FH
A Flash memory ay
memory space T 32768 x 8 bits B
0000H 0000H

Program area

Option byte areaN°t®
5 x 8 bits

Program area

T 1FFFH T

Boot cluster 1

CALLF entry area
2048 x 8 bits

Program area
1915 x 8 bits

Option byte areaN°te
5 x 8 bhits

Boot ¢

CALLT table area
64 x 8 bits

Vector table area
64 x 8 bits

luster 0

Note When boot swap is not used: Set the option bytes to 0080H to 0084H.

When boot swap is used:
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<R>

Figure 3-4. Memory Map (zPD78F0136H)
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l F400H
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Program Flash memory
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1084H

1080H
107FH

1000H
OFFFH

0800H
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0040H
003FH

0000H

Program area

Option byte areaN°t®
5 x 8 bits

T lFFFHT

Program area
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CALLF entry area
2048 x 8 bits

Program area
1915 x 8 bits

Option byte areaN°ote
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Note When boot swap is not used: Set the option bytes to 0080H to 0084H.

When boot swap is used:
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Figure 3-5. Memory Map (xzPD78F0138H)

Data memory

space

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
EFEEOH 32 x 8 hits
FEDFH
_|_ Internal high-speed RAM _|
T 1024 x 8 bits 7
FBOOH
FAFFH
s Reserved 3
F800H
T F7FFH
RAM space in

which instruction -

Internal expansion RAM

can be fetched 1024 x 8 bits 1
i F400H
F3FFH
-~ Reserved 3
FOOOH
T EFFFH
Program Flash memory

memory space n

j 0000H

61440 x 8 bits

EFFFH

1085H

Program area

1084H
1080H

Option byte areaN°te
5 X 8 bits

T lFFFHT

107FH

1000H

Program area

Boot cluster 1

OFFFH

0800H

CALLF entry area
2048 x 8 bits

07FFH

0085H

Program area
1915 x 8 bits

0084H
0080H

Option byte areaN°te
5 x 8 bits

Boot cluster 0

007FH

0040H

CALLT table area
64 x 8 bits

003FH

0000H

Vector table area
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Note When boot swap is not used: Set the option bytes to 0080H to 0084H.

When boot swap is used:
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<R> Figure 3-6. Memory Map (zPD78F0138HD)
FFFFH
Special function registers EFFFH
(SFR)
256 x 8 bits L
T Program area -~
FFOOH 1FFFH
FEFFH General-purpose 108FH
i 108EH
:;gglséet;i On-chip debug security
FEEOH x 6 bits ID setting area’N°te 3
FEDFH i
Internal high-speed RAM 1085H 10 x 8 bits Boot cluster 1
= 1024 x 8 bits b 1084H Option byte areaNote 3
Note 1 1080H 5 x 8 hits
--------------------------- 107FH
Program area
1000H
FBOOH OFFFH
FAFFH
L R d J4 L CALLF entry area L
Data memory T eserve T 2048 x 8 bits
space FSO00H 0800H
T F7FFH 07FFH
£ Program area £
; T 1905 x 8 bits T
RAM
v} space In Internal expansion RAM 0190H
which instruction L 024 % 8 bi L O18EH [ === oo
can be fetched 1024 x 8 bits 0DSEH Note 2
008EH On-chip debug security
Boot cluster 0
l F400H ID setting area’N°te 3 oot cluster
F3FFH 0085H 10 x 8 bits
1 1 0084H Option byte areaote 3
T Reserved T 0080H 5 x 8 bits
007FH
FOOOH CALLT table area
EFFFH 64 x 8 bits
Flash memory 0040H
Program | 61440 x 8 bits 1 003FH
memory space Fee e T Vector table area
............ Note2 ... 64 x 8 bits
0000H 0000H
Notes 1. During on-chip debugging, about 7 to 16 bytes of this area are used as the user data backup area for
communication.
2. During on-chip debugging, use of this area is disabled because it is used as the communication
command area (008FH to 018FH: debugger’s default setting).
3. When boot swap is not used: Set the option bytes to 0080H to 0084H, and the on-chip debug security
IDs to 0085H to O08EH.
When boot swap is used: Set the option bytes to 0080H to 0084H and 1080H to 1084H, and the
on-chip debug security IDs to 0085H to 008EH and 1085H to 108EH.
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3.1.1 Internal program memory space

The internal program memory space stores the program and table data. Normally, it is addressed with the program

counter (PC).

78KO0/KE1+ products incorporate internal ROM (flash memory), as shown below.

Table 3-2. Internal ROM Capacity

Part Number Internal ROM
Structure Capacity
uPD78F0132H Flash memory 16384 x 8 bits (0000H to 3FFFH)
uPD78F0133H 24576 x 8 bits (0000H to 5FFFH)
uPD78F0134H 32768 x 8 bits (0000H to 7FFFH)
uPD78F0136H 49152 x 8 bits (0000H to BFFFH)
uPD78F0138H, 78F0138HD 61440 x 8 bits (0000H to EFFFH)

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

(1) Vector table area

The 64-byte area 0000H to 003FH is reserved as a vector table area. The program start addresses for branch

upon reset signal input or generation of each interrupt request are stored in the vector table area.

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

addresses.
Table 3-3. Vector Table
Vector Table Address Interrupt Source Vector Table Address Interrupt Source

0000H RESET input, POC, LVI, 0020H INTTMO0O

clock monitor, WDT 0022H INTTMO10
0004H INTLVI 0024H INTAD
0006H INTPO 0026H INTSRO
0008H INTP1 0028H INTWTI
000AH INTP2 002AH INTTM51
000CH INTP3 002CH INTKR
000EH INTP4 002EH INTWT
0010H INTP5 0030H INTP6
0012H INTSRE6 0032H INTP7
0014H INTSR6 0034H INTDMU
0016H INTST6 0036H INTCSI11N*®
0018H INTCSI10/INTSTO 0038H INTTMOO 1N
001AH INTTMH1 003AH INTTMO 11N
001CH INTTMHO 003EH BRK
001EH INTTM50

Note Available only in the #PD78F0133H, 78F0134H, 78F0136H, 78F0138H, and 78F0138HD.
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(2) CALLT instruction table area
The 64-byte area 0040H to 007FH can store the subroutine entry address of a 1-byte call instruction (CALLT).

(3) Option byte area
The option byte area is assigned to the 1-byte area of 0080H. Refer to CHAPTER 24 OPTION BYTE for details.

(4) CALLF instruction entry area
The area 0800H to OFFFH can perform a direct subroutine call with a 2-byte call instruction (CALLF).

3.1.2 Internal data memory space
78K0/KE1+ products incorporate the following RAMs.

(1) Internal high-speed RAM

Table 3-4. Internal High-Speed RAM Capacity

Part Number Internal High-Speed RAM
uPD78F0132H 512 x 8 bits (FDOOH to FEFFH)
uPD78F0133H 1024 x 8 bits (FBOOH to FEFFH)
uPD78F0134H
uPD78F0136H
uPD78F0138H, 78F0138HD

The 32-byte area FEEOH to FEFFH is assigned to four general-purpose register banks consisting of eight 8-bit
registers per one bank.

This area cannot be used as a program area in which instructions are written and executed.

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

(2) Internal expansion RAM

Table 3-5. Internal Expansion RAM Capacity

Part Number Internal Expansion RAM

4PD78F0132H -
(PD78F0133H
(PD78F0134H
4PD78F0136H 1024 x 8 bits (F400H to F7FFH)
(PD78F0138H, 78F0138HD

The internal expansion RAM can also be used as a normal data area similar to the internal high-speed RAM, as
well as a program area in which instructions can be written and executed.
The internal expansion RAM cannot be used as a stack memory.
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3.1.3 Special function register (SFR) area

On-chip peripheral hardware special function registers (SFRs) are allocated in the area FFOOH to FFFFH (refer to

Table 3-6 Special Function Register List in 3.2.3 Special function registers (SFRs)).

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

3.1.4 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

78K0/KE1+, 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 3-7 to 3-12 show correspondence between data memory and addressing. For details of

each addressing mode, refer to 3.4 Operand Address Addressing.

Figure 3-7. Correspondence Between Data Memory and Addressing (#PD78F0132H)

FFFFH T
Special function registers (SFR) SFR addressing
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FF20H |
FF1FH
FFOOH
FEFFH _ }
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- Internal high-speed RAM -
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L Flash memory L

B 16384 x 8 bits B

0000H

Direct addressing
Register indirect addressing
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FAFFH
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5FFFH

000O0H

Figure 3-8. Correspondence Between Data Memory and Addressing (#PD78F0133H)
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FFFFH
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FF1FH

FFOOH
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FEEOH
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FE1FH
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FAFFH
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7FFFH
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Figure 3-9. Correspondence Between Data Memory and Addressing (#PD78F0134H)
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Figure 3-10. Correspondence Between Data Memory and Addressing (4PD78F0136H)
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Figure 3-11. Correspondence Between Data Memory and Addressing (4PD78F0138H)
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Figure 3-12. Correspondence Between Data Memory and Addressing (4PD78F0138HD)
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32 x 8 bits Short direct

FEEOH dd )
FEDFEH aaaressing

L Internal high-speed RAM L

B 1024 x 8 bits B
Note 1

FBOOH
FAFFH

T Reserved T Direct addressing
F800H Register indirect addressing
F7FFH

Based addressing
Based indexed addressing

A Internal expansion RAM L

T 1024 x 8 bits T
F400H
F3FFH

- Reserved -
FOOOH
EFFFH

Flash memory
1 61440 x 8 bits 1
e Note2
0000H
<R> Notes 1. During on-chip debugging, about 7 to 16 bytes of this area are used as the user data backup area for
communication.
<R> 2. During on-chip debugging, use of this area is disabled because it is used as the communication

command area (008FH to 018FH: debugger’s default setting).
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3.2 Processor Registers
The 78K0/KE1+ 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).

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

Figure 3-13. Format of Program Counter

15 0
PC |PC15‘PC14‘PC13‘PC12‘PC11 ‘PC10‘ PC9 ‘ PC8 ‘ PC7 ‘ PC6 ‘ PC5 ‘ PC4 ‘ PC3 ‘ PC2 ‘ PC1 ‘ PCO |

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

Figure 3-14. Format of Program Status Word

7 0
PSW | IE | 4 |RBS1| AC |RBSO| 0 |ISP | 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. Other interrupt requests are all disabled.
When 1, the IE flag is set to the interrupt enabled (El) state and interrupt request acknowledgement is
controlled with an in-service priority flag (ISP), 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 acknowledgement and is set (1) upon El
instruction execution.
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3)

62

(b)

(c)

(d)

(e)

()

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

Register bank select flags (RBS0 and 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.

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

In-service priority flag (ISP)

This flag manages the priority of acknowledgeable maskable vectored interrupts. When this flag is 0, low-
level vectored interrupt requests specified by a priority specification flag register (PROL, PROH, PR1L, PR1H)
(refer to 17.3 (3) Priority specification flag registers (PROL, PROH, PR1L, PR1H)) can not be
acknowledged. Actual request acknowledgement is controlled by the interrupt enable flag (IE).

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 high-speed RAM

area can be set as the stack area.

Figure 3-15. Format of Stack Pointer

15 0

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

The SP is decremented ahead of write (save) to the stack memory and is incremented after read (restored) from
the stack memory.

Each stack operation saves/restores data as shown in Figures 3-16 and 3-17.

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

the stack.
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SP

SP

(b) CALL, CALLF, CALLT instructions (when SP = FEEOH)

SP

SP

SP

SP

Figure 3-16. Data to Be Saved to Stack Memory

(a) PUSH rp instruction (when SP = FEEOH)

— FEEOH

FEDFH

l«—— FEDEH

— FEEOH

FEDFH

l«—— FEDEH

Register pair higher

Register pair lower

PC15 to PC8

PC7 to PCO

(c) Interrupt, BRK instructions (when SP = FEEOH)

FEEOH — FEEOH
! FEDFH
3 FEDEH
Y

FEDDH l«—— FEDDH

PSW

PC15 to PC8

PC7 to PCO
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SP

SP

SP

SP

SP

SP

Figure 3-17. Data to Be Restored from Stack Memory

(a) POP rp instruction (when SP = FEDEH)

+—— FEEOH

FEDFH

Register pair higher

—» FEDEH

Register pair lower

(b) RET instruction (when SP = FEDEH)

+—— FEEOH

FEDFH

— FEDEH

PC15 to PC8

PC7 to PCO

(c) RETI, RETB instructions (when SP = FEDDH)

FEEOH «——  FEEOH
A
; FEDFH
3 FEDEH

PSW

PC15 to PC8

PC7 to PCO
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3.2.2 General-purpose registers

General-purpose registers are mapped at particular addresses (FEEOH to FEFFH) 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.

Figure 3-18. Configuration of General-Purpose Registers

(a) Absolute name

16-bit processing 8-bit processing
FEFFH
R7
BANKO RP3
R6
FEF8H
R5
BANK1 RP2
R4
FEFOH
R3
BANK2 RP1
R2
FEE8H
R1
BANKS3 RPO
RO
FEEOH
15 0 7 0
(b) Function name
16-bit processing 8-bit processing
FEFFH
H
BANKO HL
L
FEF8H
D
BANK1 DE
E
FEFOH
B
BANK2 BC
C
FEE8H
A
BANKS3 AX
X
FEEOH
15 0 7 0
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3.2.3 Special function registers (SFRs)
Unlike a general-purpose register, each special function register has a special function.
SFRs are allocated to the FFOOH to FFFFH area.
Special function registers can be manipulated like general-purpose registers, using operation, transfer and bit
manipulation instructions. The manipulatable bit units, 1, 8, and 16, depend on the special function register type.
Each manipulation bit unit can be specified as follows.

e 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.

e 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.

e 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 3-6 gives a list of the special function registers. The meanings of items in the table are as follows.

e Symbol
Symbol indicating the address of a special function register. It is a reserved word in the RA78KO0, and is defined
as an sfr variable using the #pragma sfr directive in the CC78K0. When using the RA78KO0, ID78K0-NS,
ID78K0, or SM78K0, symbols can be written as an instruction operand.
¢ R/W
Indicates whether the corresponding special function register can be read or written.
R/W: Read/write enable
R:  Read only
W:  Write only
e Manipulatable bit units
Indicates the manipulatable bit unit (1, 8, or 16). “-” indicates a bit unit for which manipulation is not possible.
o After reset
Indicates each register status upon RESET input.
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Table 3-6. Special Function Register List (1/4)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1Bit 8Bits | 16Bits | Reset
FFOOH Port register 0 PO R/W \/ y - 00H
FFO1H Port register 1 P1 R/W v v - 00H
FFO2H Port register 2 P2 R N Y - Undefined
FFO3H Port register 3 P3 R/W v v - 00H
FFO4H Port register 4 P4 RW v v - 00H
FFO5H Port register 5 P5 R/W v v - 00H
FFO6H | Port register 6 P6 R/W y \ - 00H
FFO7H Port register 7 P7 R/W v v - 00H
FFO8H A/D conversion result register ADCR R - - v Undefined
FFO9H
FFOAH Receive buffer register 6 RXB6 R - v - FFH
FFOBH Transmit buffer register 6 TXB6 R/W - N - FFH
FFOCH | Port register 12 P12 RIW \ \ - 00H
FFODH Port register 13 P13 R/W v v - 00H
FFOEH | Port register 14 P14 RW v v - 00H
FFOFH Serial I/O shift register 10 SI010 R - v - 00H
FF10H 16-bit timer counter 00 TMO00 R - - y 0000H
FF11H
FF12H 16-bit timer capture/compare register 000 CRO000 R/W - - N 0000H
FF13H
FF14H 16-bit timer capture/compare register 010 CRO10 R/W - - N 0000H
FF15H
FF16H 8-bit timer counter 50 TM50 R - y - 00H
FF17H 8-bit timer compare register 50 CR50 R/W - v - 00H
FF18H 8-bit timer H compare register 00 CMPO0O R/W - y - 00H
FF19H 8-bit timer H compare register 10 CMP10 R/W - v - 00H
FF1AH 8-bit timer H compare register 01 CMPO1 R/W - y - 00H
FF1BH 8-bit timer H compare register 11 CMP11 R/W - v - 0OH
FF1FH 8-bit timer counter 51 TM51 R - \ - 00H
FF20H Port mode register 0 PMO R/W v v - FFH
FF21H Port mode register 1 PM1 R/W v v - FFH
FF23H Port mode register 3 PM3 R/W v v - FFH
FF24H Port mode register 4 PM4 R/W v v - FFH
FF25H Port mode register 5 PM5 R/W v v - FFH
FF26H Port mode register 6 PM6 R/W v v - FFH
FF27H Port mode register 7 PM7 R/W v v - FFH
FF28H | A/D converter mode register ADM RIW y \ - O0H
FF29H Analog input channel specification register ADS R/W v v - 00H
FF2AH | Power-fail comparison mode register PFM R/W v v - 00H
FF2BH Power-fail comparison threshold register PFT R/W - v - 00H
FF2CH | Port mode register 12 PM12 R/W v v - FFH
FF2EH | Port mode register 14 PM14 R/W v v - FFH
User’'s Manual U16899EJ3VOUD 67



CHAPTER 3 CPU ARCHITECTURE

Table 3-6. Special Function Register List (2/4)

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

FF30H Pull-up resistor option register 0 PUO R/W v v - 00H
FF31H Pull-up resistor option register 1 PU1 R/W v v - 00H
FF33H Pull-up resistor option register 3 PU3 RIW N v - 00H
FF34H Pull-up resistor option register 4 PU4 R/W v v - 00H
FF35H Pull-up resistor option register 5 PU5 RIW N v - 00H
FF37H Pull-up resistor option register 7 PU7 R/W v v - 00H
FF38H | Correction address register 0N CORADO R/W - - y 0000H
FF39H
FF3AH | Correction address register 1N CORAD1 R/W - - y 0000H
FF3BH
FF3CH | Pull-up resistor option register 12 PU12 RIW N v - 00H
FF3EH | Pull-up resistor option register 14 PU14 R/W v v - 00H
FF40H | Clock output selection register CKS RW v v - 00H
FF41H 8-bit timer compare register 51 CR51 R/W - v - O00H
FF43H | 8-bit timer mode control register 51 TMC51 R/W v v - 00H
FF48H External interrupt rising edge enable register EGP R/W v v - O00H
FF49H External interrupt falling edge enable register EGN R/W v v - 00H
FF4AH Serial I/O shift register 112 SIO11 R - v - 00H
FFACH | Transmit buffer register 112 SOTB11 R/W y - Undefined
FF4FH Input switch control register ISC R/W v v - 00H
FF50H Asynchronous serial interface operation mode ASIM6 R/W v v - 01H

register 6
FF53H Asynchronous serial interface reception error ASIS6 R - v - 00H

status register 6
FF55H Asynchronous serial interface transmission ASIF6 R - v - 00H

status register 6
FF56H Clock selection register 6 CKSR6 R/W - v - O00H
FF57H Baud rate generator control register 6 BRGC6 R/W - v - FFH
FF58H Asynchronous serial interface control register 6 | ASICL6 R/W v v - 16H
FF60H Remainder data register 0 SDRO |SDRoL R - v v 00H
FF61H SDRH - v 00H
FF62H Multiplication/division data register AO MDAOL [MDALL | R/W - v v 00H
FF63H NDAOLH - v 00H
FF64H MDAOH|MDAOHL | R/W - 3 3 00H
FF65H NDAOHH - v 00H
FF66H Multiplication/division data register BO MDBO [MDBL | RW - v v 00H
FF67H NDBH - v 00H
FF68H Multiplier/divider control register 0 DMUCO RIW v v - 00H
FF69H 8-bit timer H mode register 0 TMHMDO R/W v v - 00H
FF6AH Timer clock selection register 50 TCL50 R/W - v - 00H
FF6BH | 8-bit timer mode control register 50 TMC50 R/W v v - 00H
Notes 1. PD78F0136H, 78F0138H, and 78F0138HD only.

2. uPD78F0133H, 78F0134H, 78F0136H, 78F0138H, and 78F0138HD only.
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Table 3-6. Special Function Register List (3/4)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1Bit 8Bits | 16Bits | Reset
FF6CH | 8-bit timer H mode register 1 TMHMD1 R/W v v - 00H
FF6DH 8-bit timer H carrier control register 1 TMCYC1 R/W v v - O00H
FF6EH | Key return mode register KRM RW v v - 00H
FF6FH | Watch timer operation mode register WTM R/W v v - 00H
FF70H Asynchronous serial interface operation mode ASIMO R/W v v - 01H
register 0
FF71H Baud rate generator control register 0 BRGCO R/W - v - 1FH
FF72H Receive buffer register 0 RXBO R - v - FFH
FF73H Asynchronous serial interface reception error ASISO R - v - O00H
status register 0

FF74H Transmit shift register 0 TXS0 W - v - FFH
FF80H Serial operation mode register 10 CSIM10 R/W v v - 00H
FF81H Serial clock selection register 10 CsIc10 R/IW v v - 00H
FF84H Transmit buffer register 10 SOTB10 R/W - v - Undefined
FF88H | Serial operation mode register 11" CSIM11 RIW v v - 00H
FF89H | Serial clock selection register 11N csic11 R/W \ y - 00H
FF8AH | Correction control register"®*?2 CORCN R/W v Y - 00H
FF8CH Timer clock selection register 51 TCL51 R/W - v - O00H
FF98H Watchdog timer mode register WDTM R/W - v - 67H
FF99H Watchdog timer enable register WDTE R/W - v - 9AH
FFAOH Internal oscillation mode register RCM R/W v v - 00H
FFA1H | Main clock mode register MCM R/W v v - 00H
FFA2H Main OSC control register MOC R/W v v - 00H
FFA3H Oscillation stabilization time counter status register| OSTC R v v - O00H
FFA4H Oscillation stabilization time select register OSTS R/W - v - 05H
FFA9H | Clock monitor mode register CLM R/W v v - 00H
FFACH | Reset control flag register RESF R - v - ooHMNete3
FFBOH | 16-bit timer counter 01" TMO1 R - - v 0000H
FFB1H

FFB2H | 16-bit timer capture/compare register 001"°*" CRO001 RW - - v 0000H
FFB3H

FFB4H | 16-bit timer capture/compare register 011%°*" CR011 RW - - v 0000H
FFB5H

FFB6H | 16-bit timer mode control register 01" TMCO1 R/W \ V - 00H
FFB7H Prescaler mode register 01"°t" PRMO1 R/W v v - 00H
FFB8H | Capture/compare control register 01" CRCO1 RW v v - 00H
FFB9H | 16-bit timer output control register 01"t TOCO1 R/W N v - 00H
FFBAH | 16-bit timer mode control register 00 TMCO00 R/W v v - 00H
FFBBH Prescaler mode register 00 PRMO0O R/W v v - 00H
Notes 1. xPD78F0133H, 78F0134H, 78F0136H, 78F0138H, and 78F0138HD only.

2. uPD78F0136H, 78F0138H, and 78F0138HD only.
3  This value varies depending on the reset source.
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Table 3-6. Special Function Register List (4/4)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1Bit 8Bits | 16Bits | Reset
FFBCH | Capture/compare control register 00 CRCO00 R/W v v - 00H
FFBDH | 16-bit timer output control register 00 TOCO00 R/W v v - 00H
FFBEH | Low-voltage detection register LVIM R/W v v - 00H
FFBFH Low-voltage detection level selection register LVIS R/W - v - 00H
FFCOH Flash protect command register PFCMD w - v - Undefined
FFC2H | Flash status register PFS R/W v v - 00H
FFC4H | Flash programming mode control register FLPMC R/W v v - OXHNete !
FFEOH | Interrupt request flag register OL IFO |IFOL | R/W v v v 00H
FFE1H | Interrupt request flag register OH IFOH | R/W v v 00H
FFE2H | Interrupt request flag register 1L IF1  |IFIL | RW v v v 00H
FFE3H | Interrupt request flag register 1H IF1H | RIW v v 00H
FFE4H | Interrupt mask flag register OL MKO | MKOL | R'W v v v FFH
FFE5H | Interrupt mask flag register OH MKOH| R/W v v FFH
FFE6H | Interrupt mask flag register 1L MK1 | MK1L| RW v v v FFH
FFE7H | Interrupt mask flag register 1H MK1H| R/W v v DFH
FFE8H | Priority specification flag register OL PRO |PROL | R'W v v v FFH
FFE9H | Priority specification flag register OH PROH| R/W v v FFH
FFEAH | Priority specification flag register 1L PR1 |PR1L|R/W v v v FFH
FFEBH | Priority specification flag register 1H PR1H| RIW v v FFH
FFFOH | Internal memory size switching register°¢2 IMS R/W - \ - CFH
FFF4H Internal expansion RAM size switching register"®°?| IXS R/W - v - 0CH
FFFBH | Processor clock control register PCC R/W v v - 00H
Notes 1. Varies depending on the operation mode.
e User mode: 08H
e On-board mode: OCH
2. Regardless of the internal memory capacity, the initial values of the internal memory size switching
register (IMS) and internal expansion RAM size switching register (1XS) of all products in the 78K0/KE1+
are fixed (IMS = CFH, IXS = OCH). Therefore, set the value corresponding to each product as indicated
below. In addition, set the following values to the IMS and the IXS when using the 78 K0/KE1+ to evaluate
the program of a mask ROM version of the 78K0/KE1.
Flash Memory Version Target Mask ROM Version IMS IXS
(78KO/KE1+) (78KO/KE1)
- uPD780131 42H 0CH
#PD78F0132H #PD780132 44H
uPD78F0133H uPD780133 C6H
#PD78F0134H uPD780134 C8H
uPD78F0136H uPD780136 CCH 0AH
uPD78F0138H, 78F0138HD | £/PD780138 CFH
70 User’'s Manual U16899EJ3VOUD




CHAPTER 3 CPU ARCHITECTURE

3.3 Instruction Address Addressing

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

3.3.1 Relative addressing

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

[lustration]

15 0
PC indicates the start address

pC """ of the instruction after the BR instruction.

+
15 8 7 6 0

a S
jdisp8

15 0

PC

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

[Function]
Immediate data in the instruction word is transferred to the program counter (PC) and branched.
This function is carried out when the CALL !addr16 or BR !addr16 or CALLF !addr11 instruction is executed.
CALL !addr16 and BR !addr16 instructions can be branched to the entire memory space. The CALLF !addr11
instruction is branched to the 0800H to OFFFH area.

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

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

PC

In the case of CALLF !addr11 instruction

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

PC|]0 0O O 0 1
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3.3.3 Table indirect addressing

[Function]
Table contents (branch destination address) of the particular location to be addressed by bits 1 to 5 of the

immediate data of an operation code are transferred to the program counter (PC) and branched.
This function is carried out when the CALLT [addr5] instruction is executed.
This instruction references the address stored in the memory table from 40H to 7FH, and allows branching to

the entire memory space.

[llustration]

7 6 5 1 0
Operation code 1 1 tas-o 1
15 8 7 6 5 l 10
Effective address 0O 0 0 00O 0O 0 0|0 1 0
7 Memory (Table) 0
Low Addr.
Effective address+1 High Addr. T
15 l 8 7 0

PC

3.3.4 Register addressing

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

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

[llustration]

15 8 7 0

PC
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3.4 Operand Address Addressing

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

3.4.1 Implied addressing

[Function]
The register that functions as an accumulator (A and AX) among the general-purpose registers is automatically
(implicitly) addressed.
Of the 78K0/KE 1+ instruction words, the following instructions employ implied addressing.

Instruction Register to Be Specified by Implied Addressing
MULU A register for multiplicand and AX register for product storage
DIVUW AX register for dividend and quotient storage
ADJBA/ADJBS A register for storage of numeric values that become decimal correction targets
ROR4/ROL4 A register for storage of digit data that undergoes digit rotation

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

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

74 User's Manual U16899EJ3VOUD



CHAPTER 3 CPU ARCHITECTURE

3.4.2 Register addressing

[Function]

The general-purpose register to be specified is accessed as an operand with the register bank select flags
(RBSO0 to RBS1) and the register specify codes (Rn and RPn) of an operation code.

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

[Operand format]

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

‘r and ‘rp’ can be described by absolute names (RO to R7 and RP0 to RP3) as well as function names (X, A, C,
B, E, D, L, H, AX, BC, DE, and HL).

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

Operation code 01 1 00 0 1 0|

L] |

Register specify code

INCW DE; when selecting DE register pair as rp

Operation code 10 00 0 10 0|

LIJ—Register specify code
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3.4.3 Direct addressing
[Function]
The memory to be manipulated is directly addressed with immediate data in an instruction word becoming an

operand address.

[Operand format]

Identifier Description

addr16 Label or 16-bit immediate data

[Description example]
MOV A, I0FEOOH; when setting !addr16 to FEOOH

Operation code |1 000 1 1 1 0| OP code
|0 0 000 0O 0| 00H
|1 1T 111 11 0| FEH

[llustration]
7 0
OP code

addr16 (lower)

addr16 (upper)

Memory
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3.4.4 Short direct addressing

[Function]
The memory to be manipulated in the fixed space is directly addressed with 8-bit data in an instruction word.
This addressing is applied to the 256-byte space FE20H to FF1FH. Internal RAM and special function registers
(SFRs) are mapped at FE20H to FEFFH and FFOOH to FF1FH, respectively.
The SFR area (FFOOH to FF1FH) where short direct addressing is applied is a part of the overall SFR area.
Ports that are frequently accessed in a program and compare and capture registers of the timer/event counter
are mapped in this area, allowing SFRs to be manipulated with a small number of bytes and clocks.
When 8-bit immediate data is at 20H to FFH, bit 8 of an effective address is set to 0. When it is at 00H to 1FH,
bit 8 is set to 1. Refer to the [lllustration] shown below.

[Operand format]
Identifier Description
saddr Immediate data that indicate label or FE20H to FF1FH
saddrp Immediate data that indicate label or FE20H to FF1FH (even address only)

[Description example]

MOV OFE30H, A; when transferring value of A register to saddr (FE30H)

Operation code |1 11 1 0 0 1 O| OP code
|O 011000 0| 30H (saddr-offset)
[llustration]

7 0

OP code

saddr-offset ﬁ

Short direct memory

15 8 7 0

Effective address 11 1 1 1 11| -

When 8-bit immediate data is 20H to FFH, =0
When 8-bit immediate data is O0OH to 1FH, or= 1
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3.4.5 Special function register (SFR) addressing

[Function]

A memory-mapped special function register (SFR) is addressed with 8-bit immediate data in an instruction word.
This addressing is applied to the 240-byte spaces FFOOH to FFCFH and FFEOH to FFFFH. However, the SFRs
mapped at FFOOH to FF1FH can be accessed with short direct addressing.

[Operand format]

Identifier

Description

sfr

Special function register name

sfrp

16-bit manipulatable special function register name (even address
only)

[Description example]

MOV PMO, A; when selecting PMO (FF20H) as sfr

Operation code |1 11 1 0 1 1 O| OP code
|O 01 00 0O O| 20H (sfr-offset)
[llustration]
7 0
OP code
sfr-offset
15 8 7 0

SFR

Effective address 1 1 1

78
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3.4.6 Register indirect addressing

[Function]
Register pair contents specified by a register pair specify code in an instruction word and by a register bank
select flag (RBSO and RBS1) serve as an operand address for addressing the memory. This addressing can be
carried out for all the memory spaces.

[Operand format]

Identifier Description

- [DE], [HL]

[Description example]

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

Operation code 10 00 01 0 1
[llustration]
16 8 7 0
DE D E
The memory address
specified with the
’ Memory 0 register pair DE
The contents of the memory
addressed are transferred.
7 0
A
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3.4.7 Based addressing

[Function]
8-bit immediate data is added as offset data to the contents of the base register, that is, the HL register pair in
the register bank specified by the register bank select flag (RBS0 and RBS1), and the sum is used to address
the memory. Addition is performed by expanding the offset data as a positive number to 16 bits. A carry from
the 16th bit is ignored. This addressing can be carried out for all the memory spaces.

[Operand format]

Identifier Description

- [HL + byte]

[Description example]

MOV A, [HL + 10H]; when setting byte to 10H

Operation code |1 0101 11 0|

[llustration]

16 8 7 0

HL H L

+10
7 Memory 0

The contents of the memory
addressed are transferred.
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3.4.8 Based indexed addressing

[Function]
The B or C register contents specified in an instruction word are added to the contents of the base register, that
is, the HL register pair in the register bank specified by the register bank select flag (RBS0 and RBS1), and the
sum is used to address the memory. Addition is performed by expanding the B or C register contents as a
positive number to 16 bits. A carry from the 16th bit is ignored. This addressing can be carried out for all the
memory spaces.

[Operand format]

Identifier Description

- [HL + B], [HL + C]

[Description example]

In the case of MOV A, [HL + B] (selecting B register)

Operation code |1 01 01 0 11
[lustration]
16 8 7 0
HL H L
+
7 0
B
7 Memory 0
The contents of the memory
addressed are transferred.
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3.4.9 Stack addressing

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

[Description example]

In the case of PUSH DE (saving DE register)

Operation code |1 011 01 0 1

[llustration]

7 Memory 0

SP FEEOH —= FEEOH
i FEDFH D
y

SP FEDEH <«—— FEDEH E
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4.1 Port Functions

There are two types of pin /O buffer power supplies: AVrer and EVop. The relationship between these power
supplies and the pins is shown below.

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

Power Supply Corresponding Pins
AVRer P20 to P27
EVoo Port pins other than P20 to P27

78KO0/KE1+ 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, refer to CHAPTER 2 PIN FUNCTIONS.

Figure 4-1. Port Types

P50 POO f+——
Port 5 {
P53 EE—— Port 0
P60 I——
Port 6 { P06
P63 P10 fo—
P70 IE——
Port 1
Port 7
P17 fe——
P77 P20 f+——
Port 12 P120 e
Port 13 P130 . Port 2
P140 I
Port 14 { p141 P27 b
P30 f+———
Port 3
P33 f+—
P40 fe——>
} Port 4
P43 [«~—
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Table 4-2. 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.

Pin Name I/0 Function After Reset | Alternate Function
P00 110 Port 0. Input TI000
PO 7-bit /O port. TI010/TO00
Input/output can be specified in 1-bit units. Not
P02 . . - SO11%*
Use of an on-chip pull-up resistor can be specified by a
P03 software setting. st
P04 SCK11"*®
P05 Ssi11M/Ti001N"®
P06 TI01 1N°‘9/TOO1Note
P10 I/0 Port 1. Input SCK10/TxDO0
P11 8-bit I/O port. SI10/RxDO
Input/output can be specified in 1-bit units.
P12 . . - SO10
Use of an on-chip pull-up resistor can be specified by a
P13 software setting. TxD6
P14 RxD6
P15 TOHO
P16 TOH1/INTP5
P17 TI50/TO50/FLMD1
P20 to P27 Input Port 2. Input ANIO to ANI7
8-bit input-only port.
P30 to P32 110 Port 3. Input INTP1 to INTP3
4-bit I/O port.
Input/output can be specified in 1-bit units.
P33 Use of an on-chip pull-up resistor can be specified by a INTP4/T151/TO51
software setting.
P40 to P43 110 Port 4. Input -
4-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.
P50 to P53 1/0 Port 5. Input -
4-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.
P60 to P63 1/0 Port 6. Input -
4-bit I/O port (N-ch open drain).
Input/output can be specified in 1-bit units.
P70 to P77 110 Port 7. Input KRO to KR7
8-bit I/O port.

Note SO11, SI11, SCK11, SSI11, TI001, TI011, and TOO1 are available only in the xPD78F0133H, 78F0134H,
78F0136H, 78F0138H, and 78F0138HD.
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Table 4-2. Port Functions (2/2)

Pin Name I/0 Function After Reset | Alternate Function
P120 110 Port 12. Input INTPO
1-bit I/O port.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P130 Output Port 13. Output -
1-bit output-only port.
P140 110 Port 14. Input PCL/INTP6
P141 2-bit 1/0 port. BUZ/INTP7
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.

4.2 Port Configuration
Ports include the following hardware.

Table 4-3. Port Configuration

Item Configuration

Port register (PO to P7, P12 to P14)

Control registers Port mode register (PM0, PM1, PM3 to PM7, PM12, PM14)

Pull-up resistor option register (PUO, PU1, PU3 to PU5, PU7, PU12, PU14)

Port Total: 51 (CMOS I/O: 38, CMOS input: 8, CMOS output: 1, N-ch open drain I/O: 4)

Pull-up resistor Total: 38
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4.21 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 (PUOQ).

This port can also be used for timer /O, serial interface data 1/O, and clock I/O.

RESET input sets port 0 to input mode.

Figures 4-2 to 4-5 show block diagrams of port 0.

<R> Caution When P02/S011"°", P03/SI11"°*°, and P04/SCK11"°" are used as general-purpose ports, set serial
operation mode register 11 (CSIM11) and serial clock selection register 11 (CSIC11) to the default

status (00H).

Figure 4-2. Block Diagram of P00, P03, and P05

EVoo
M
WRepu
l PUO
© PU0O, PUO3, PUO5
P-ch
Alternate function
RD
| g O<] O@] |

%) S | %
a )
[ WRpoRrT
[
=

A Output latch

~ (P00, P03, PO5) @ POO0/TI000,

PO3/SI11Mte,
WRem P05/SSI11M'®/TI001N
PMO
S PMO00, PM03, PM05
~_/

Note Available only in the xPD78F0133H, 78F0134H, 78F0136H, 78F0138H, and 78F0138HD.

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 and P06

EVoo

 ——

<Fet—

P-ch

M\ WRpU
l PUO
S PUO1, PUO6
Alternate
function
RD
| g
o [0 | :
Q
2 (%}
g WRpoRT
Q
=
A Output latch
~ (P01, P0O6)
WRpm
PMO
D PMO01, PM06
Alternate
function
AN

——O PO01/TI010/TO00,
PO6/TI011°"/TO01N"®

Note Available only in the xPD78F0133H, 78F0134H, 78F0136H, 78F0138H, and 78F0138HD.

PUO:
PMO:
RD:
WRxx:

Pull-up resistor option register 0
Port mode register 0

Read signal

Write signal

User’s Manual U16899EJ3VOUD

87



CHAPTER 4 PORT FUNCTIONS

Figure 4-4. Block Diagram of P02

EVop

o

——©O P0o2/SO11M

M\A WRpu
PUO
S PUO2
RD
| S
S 3
| T
n
4 WRpoRrT
Qo
©
c
I3 A Output latch
£ ~ (P02)
WRem
PMO
S PMO02
Alternate
function
AN

Note Available only in the xPD78F0133H, 78F0134H, 78F0136H, 78F0138H, and 78F0138HD.
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PUO:
PMO:
RD:
WRxx:

Pull-up resistor option register 0
Port mode register 0

Read signal

Write signal

User’s Manual U16899EJ3VOUD



CHAPTER 4 PORT FUNCTIONS

Figure 4-5. Block Diagram of P04

EVop
M\ WRpru
J PUO
O PU0O4
P-ch
Alternate
function
RD
| § o<]—o@]‘
[8)
S | %
a (%)
o]
© WRepoRT
c
[J]
<
- A Output latch
¥ (PO4) ] L © P04/SCK11Me
WRpm
PMO
~ PMO04
Alternate
function
N\

Note Available only in the xPD78F0133H, 78F0134H, 78F0136H, 78F0138H, and 78F0138HD.

PUO:
PMO:
RD:
WRxx:

Pull-up resistor option register 0
Port mode register 0

Read signal

Write signal
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4.2.2 Port1
Port 1 is an 8-bit I/O 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 1/0, clock 1/O, timer 1/0, and

flash memory programming mode setting.

RESET input sets port 1 to input mode.
Figures 4-6 to 4-10 show block diagrams of port 1.

Caution When P10/SCK10/TxD0, P11/SI10/RxD0, and P12/SO10 are used as general-purpose ports, set
serial operation mode register 10 (CSIM10) and serial clock selection register 10 (CSIC10) to the

default status (00H).

90

Figure 4-6. Block Diagram of P10

EVop

- —

Selector

<o

P-ch

M\A WReru
l PU1L
\ PU10
Alternate
function
RD
(L
(2]
>
o)
T WRpoRrT
£
[¢]
IS
= A Output latch
~ (P10)
WRem
PM1
O PM10
Alternate
function
%
PU1: Pull-up resistor option register 1
PM1:  Port mode register 1
RD: Read signal
WRxx: Write signal
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Internal bus

Figure 4-7. Block Diagram of P11 and P14

EVop
WRpru
l PUL
O PU11, PU14
P-ch
Alternate
function
RD
. o Jocfl—
= | 3
| o]
»
WRPpoRrT
A Output latch
~ (P11, P14) © P11/SI10/RxDO,
P14/RxD6
WRpM
PM1
&S PM11, PM14

PU1: Pull-up resistor option register 1
PM1:  Port mode register 1

RD: Read signal

WRxx: Write signal
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Figure 4-8. Block Diagram of P12 and P15

Internal bus

EVob
WRru
PU1
S PU12, PU15
P-ch
RD
g
an | © L
> | o
[
n
WRPpoRT
A Qutput latch
~ (P12, P15) —O P12/S010
WRem P15/TOHO
PM1
S PM12, PM15
Alternate
function

PU1: Pull-up resistor option register 1
PM1:  Port mode register 1

RD: Read signal

WRxx: Write signal
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Internal bus

Figure 4-9. Block Diagram of P13

EVob
WRru
PU1
S PU13
P-ch
RD
<]
[
0
WRPpoRT
A Qutput latch
© (P13) ——O P13/TxD6
WRem
PM1
S PM13
Alternate
function

PU1: Pull-up resistor option register 1
PM1:  Port mode register 1
RD: Read signal
WRxx: Write signal
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Figure 4-10. Block Diagram of P16 and P17

EVoo

o

Selector

<Jeg

P-ch

94

M WRpu
l PU1
S PU16, PU17
Alternate
function
RD
s |
P |
3
Qo
T WRpoRT
=
2
c
- A Output latch
~ (P16, P17)
WRpm
PM1
S PM16, PM17
Alternate
function
N
PU1: Pull-up resistor option register 1
PM1:  Port mode register 1
RD: Read signal
WRxx: Write signal
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4.2.3 Port 2
Port 2 is an 8-bit input-only port.
This port can also be used for A/D converter analog input.
Figure 4-11 shows a block diagram of port 2.

Figure 4-11. Block Diagram of P20 to P27

© P20/ANIO to P27/ANI7

RD
~_
” |_C
)
>
o
©
c
Q
= A/D converter
—~

RD: Read signal
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4.2.4 Port3
Port 3 is a 4-bit I/O 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 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 and timer 1/0.

RESET input sets port 3 to input mode.

Figures 4-12 and 4-13 show block diagrams of port 3.

Caution In the uPD78F0138HD, be sure to pull the P31 pin down after reset to prevent malfunction.
Remark P31/INTP2 and P32/INTP3 of the 4#PD78F0138HD can be used for on-chip debug mode setting when
the on-chip debug function is used. For details, refer to CHAPTER 27 ON-CHIP DEBUG FUNCTION

(«PD78F0138HD ONLY).

Figure 4-12. Block Diagram of P30 to P32

EVob
M
WRpu
l PU3
> PU30 to PU32
P-ch
Alternate
function

RD
1)
> = !
= | g < | < |
£ S | 8
Q
E (%]

WRPpoRT
A Output latch
~ (P30 to P32) ©) P30/INTP1 to
P32/INTP3
WRem
PM3
& PM30 to PM32
~_

PU3: Pull-up resistor option register 3
PM3:  Port mode register 3

RD: Read signal

WRxx: Write signal
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Figure 4-13. Block Diagram of P33

Internal bus

EVop
WRpru
l PU3
< PU33 ) | boch
Alternate
function
RD
I E :] <] |
[$)
\ <@
[ ©
0
WRPporT
A Output latch
~ (P33) ——©O P33/INTP4/TI51/TO51
WRpm
PM3
S PM33
Alternate
function

PU3: Pull-up resistor option register 3
PM3:  Port mode register 3

RD: Read signal

WRxx: Write signal
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4.2.5 Port4
Port 4 is a 4-bit I/O 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). Use of an on-chip pull-up resistor can be specified in 1-bit units with pull-up resistor
option register 4 (PU4).

RESET input sets port 4 to input mode.

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

Figure 4-14. Block Diagram of P40 to P43

EVop
WRpu PU4
N\
PU40 to PU43
P-ch
RD
g Selector \
o]
g b
c
o WRpoRrT |
E
Output latch |
(P40 to P43) © P401to P43
WRpm
PM4
PM40 to PM43
R,

PU4: Pull-up resistor option register 4
PM4:  Port mode register 4

RD: Read signal

WRxx: Write signal
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4.2.6 Port5
Port 5 is a 4-bit I/O 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). Use of an on-chip pull-up resistor can be specified in 1-bit units using pull-up
resistor option register 5 (PU5).

RESET input sets port 5 to input mode.

Figure 4-15 shows a block diagram of port 5.

Figure 4-15. Block Diagram of P50 to P53

EVop
WRpru PUS
(N
PUS50 to PU53
P-ch
RD
) Selector \
o]
g ]
c
o WRepoRT 1
£
Output latch |
(P50 to P53) © P3010 P53
WRpM
PM5
PM50 to PM53
/\_/

PUS5: Pull-up resistor option register 5
PM5:  Port mode register 5

RD: Read signal

WRxx: Write signal
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4.2.7 Port6

Port 6 is a 4-bit I/O 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).

The P60 to P63 pins are N-ch open-drain pins.

minput sets port 6 to input mode.

Figure 4-16 shows a block diagram of port 6.

Figure 4-16. Block Diagram of P60 to P63

(T
RD
Q<{ Selector
2]
23 | WReort
g
> Output latch
]
E (P60 to P63) © P60 to P63
WRpm PM6
PM60 to PM63
/_\_/

PM6:  Port mode register 6
RD: Read signal
WRxx: Write signal
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4.2.8 Port7

Port 7 is an 8-bit I/O 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 the P70 to P77 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 7 (PU7).
This port can also be used for key return input.
RESET input sets port 7 to input mode.
Figure 4-17 shows a block diagram of port 7.

Figure 4-17. Block Diagram of P70 to P77

EVop
M
WRpu
l PU7
> PU70 to PU77
P-ch
Alternate function
RD
l | 8 O<] O@] |
3

Ay —_
2 ! g
S WRPpoRT
5]
<

A Output latch

~ (P70 to P77) ©) P70/KRO to

P77/KR7
WRem
PM7
& PM70 to PM77
~_

PU7: Pull-up resistor option register 7
PM7:  Port mode register 7

RD: Read signal

WRxx: Write signal
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4.2.9 Port12
Port 12 is a 1-bit I/0 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).

This port can also be used for external interrupt request input.

RESET input sets port 12 to input mode.

Figure 4-18 shows a block diagram of port 12.

Figure 4-18. Block Diagram of P120

EVop
M
WRpru
l PU12
O PU120 P-ch
b—l -C
Alternate
function
RD
; : o Jocfl——
[e]
2 | 3
g = | 3
@ n
€
- WRPpoRrT
A Output latch
~ (P120) ©) P120/INTPO
WRewMm
PM12
& PM120
—~_/

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

RD: Read signal

WRxx: Write signal
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4.2.10 Port 13
Port 13 is a 1-bit output-only port.
Figure 4-19 shows a block diagram of port 13.

Figure 4-19. Block Diagram of P130

N
RD
2]
>3
o]
©
=
2 | WReporT
£
Output latch | ®
P130
(P130) [ 0
T~/

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.
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4.2.11 Port 14
Port 14 is a 2-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 and P141 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).

This port can also be used for external interrupt request input, buzzer output, and clock output.

RESET input sets port 14 to input mode.

Figure 4-20 shows a block diagram of port 14.

Figure 4-20. Block Diagram of P140 and P141

EVop
M\A WRpu
l PU14
< PU140, PU141 b_ch
b—l -C
Alternate
function
RD
l I g i] i] |
(8]
0 [ O | g
a n
g WRPpoRT
(V]
E
A Output latch
~ (P140, P141) ——©O P140/PCL/INTPS,
P141/BUZ/INTP7
WRpm
PM14
< PM140, PM141
Alternate
function
N

PU14: Pull-up resistor option register 14
PM14: Port mode register 14

RD: Read signal

WRxx: Write signal
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4.3 Registers Controlling Port Function

Port functions are controlled by the following three types of registers.

e Port mode registers (PMO0, PM1, PM3 to PM7, PM12, PM14)
o Port registers (PO to P7, P12 to P14)
o Pull-up resistor option registers (PUO, PU1, PU3 to PU5, PU7, PU12, PU14)

(1) Port mode registers (PM0, PM1, PM3 to PM7, PM12, and PM14)
These registers specify input or output mode for the port in 1-bit units.

These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets these registers to FFH.
When port pins are used as alternate-function pins, set the port mode register and output latch as shown in Table

4-4,

Symbol
PMO

PM1

PM3

PM4

PM5

PM6

PM7

PM12

PM14

Figure 4-21. Format of Port Mode Register

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

[ 1 | pvos | Pmos | Pmos | Pmos | Pmoz2 | Pmo1 | pmoo | Fr2oH FFH RIW
7 6 5 4 3 2 1 0

| PM17 ‘ PM16 ‘ PM15 ‘ PM14 ‘ PM13 ‘ PM12 ‘ PM11 ‘ PM10 | FF21H FFH RIW
7 6 5 4 3 2 1 0

| 1 ‘ 1 ‘ 1 ‘ 1 ‘ PM33 ‘ PM32 ‘ PM31 ‘ PM30 | FF23H FFH RIW
7 6 5 4 3 2 1 0

| 1 ‘ 1 ‘ 1 ‘ 1 ‘ PM43 ‘ PM42 ‘ PM41 ‘ PM40 | FF24H FFH RIW
7 6 5 4 3 2 1 0

| 1 ‘ 1 ‘ 1 ‘ 1 ‘ PM53 ‘ PM52 ‘ PM51 ‘ PM50 | FF25H FFH RIW
7 6 5 4 3 2 1 0

| 1 ‘ 1 ‘ 1 ‘ 1 ‘ PM63 ‘ PM62 ‘ PM61 ‘ PM60 | FF26H FFH RIW
7 6 5 4 3 2 1 0

[ Pm77 | Pv7e | Pmrs | Pwmza | Pmrs | w7z | pwra | pmro | FR27H FFH RIW
7 6 5 4 3 2 1 0

| 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘PM120| FF2CH FFH RIW
7 6 5 4 3 2 1 0

| 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ PM141 ‘ PM140 | FF2EH FFH RIW

PMmn Pmn pin /0 mode selection

(m=0,1,3t07,12,14:n=0t07)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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Table 4-4. Settings of Port Mode Register and Output Latch When Using Alternate Function

Pin Name Alternate Function PMxx Pxx
Function Name 1/0

P00 TI000 Input 1 X
P01 TI010 Input 1 X
TOO00 Output 0 0

P02 SO1qNete Output 0 0
P03 SifNete Input 1 X
P04 SCK11Nete Input 1 x
Output 0 1

P05 SSANete Input 1 X
TIoo1N*® Input 1 x

P06 TIo1qNete Input 1 X
TO01N*® Output 0 0

P10 SCK10 Input 1 X
Output 0 1

TxDO Output 0 1

P11 SI10 Input 1 X
RxDO Input 1 X

P12 S010 Output 0 0
P13 TxD6 Output 0 1
P14 RxD6 Input 1 X
P15 TOHO Output 0 0
P16 TOH1 Output 0 0
INTP5 Input 1 X

P17 TI50 Input 1 X
TO50 Output 0 0

P30 to P32 INTP1 to INTP3 Input 1 X
P33 INTP4 Input 1 X
TI51 Input 1 X

TO51 Output 0 0

P70 to P77 KRO to KR7 Input 1 X
P120 INTPO Input 1 x
P140 PCL Output 0 0
INTP6 Input 1 X

P141 BUZ Output 0 0
INTP?7 Input 1 X

Note SO11, SI11, SCK11, SSI11, TI001, TI011, and TOO1 are available only in the xPD78F0133H, 78F0134H,
78F0136H, 78F0138H, and 78F0138HD.

Remark x: Don'’t care
PMxx: Port mode register
Pxx:  Port output latch
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(2) Port registers (P0 to P7, P12 to P14)
These registers write the data that is output from the chip when data is output from a port.

If the data is read in the input mode, the pin level is read. If it is read in the output mode, the value of the output

latch is read.

These registers can be set by a 1-bit or 8-bit memory manipulation instruction.

RESET input clears these registers to 00H (but P2 is undefined).

Symbol
PO

P1

P2

P3

P4

P5

P6

P7

P12

P13

P14

Figure 4-22. Format of Port Register

7 6 5 4 3 2 1 0 Address After reset R/W
o | pos | pos | Poa | Pos | Poz | Por | Poo | FFOOH  0OM (outputlatch) R
7 6 5 4 3 2 1 0
P17 | P16 | P15 | P | P13 | P12 | P11 | P10 | FFOIH  O0OH (outputlaich) RW
7 6 5 4 3 2 1 0
P27 | P26 | Pas | paa | P23 | P22 | P21 | P20 | FROZH Undefined R
7 6 5 4 3 2 1 0
o | o | o o | pss | P32 | pa1 | P30 | FFO3H  0OH (outputiatch) RW
7 6 5 4 3 2 1 0
o | o | o 0 | P4z | Pa2 | Par | Pao | FFOAH  OOH (outputiatch) RW
7 6 5 4 3 2 1 0
o | o | o o | ps3 | ps2 | psi | Pso | FFOSH  0OM (outputlatch) RW
7 6 5 4 3 2 1 0
o | o | o o | pes | Pe2 | Pe1 | Pe0 | FFOBH  OOH (outputlatch) RW
7 6 5 4 3 2 1 0
P77 | P76 | Prs | pra | P73 | P2 | P71 | Pro | FROTH  00H (outputlatch) R
7 6 5 4 3 2 1 0
o | o | o | o | o | o | pio | FFOCH  00H (outputiatch) RW
7 6 5 4 3 2 1 0
o | o | o | o | o | o | P30 | FFODH  00H (outputlatch) RW
7 6 5 4 3 2 1 0
o | o | o o | o | o | P | puao | FFOEH  00H (outputiatch) RW
Pmn m=0to7,12t0o14;n=0to 7
Output data control (in output mode) Input data read (in input mode)
0 Output 0 Input low level
1 Output 1 Input high level
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(3) Pull-up resistor option registers (PU0O, PU1, PU3 to PU5, PU7, PU12, and PU14)

These registers specify whether the on-chip pull-up resistors of P00 to P06, P10 to P17, P30 to P33, P40 to P43,
P50 to P53, P70 to P77, P120, or P140 and P141 are to be used or not. On-chip pull-up resistors can be used in
1-bit units only for the bits set to input mode of the pins to which the use of an on-chip pull-up resistor has been
specified in PUO, PU1, PU3 to PU5, PU7, PU12, and PU14. On-chip pull-up resistors cannot be connected to
bits set to output mode and bits used as alternate-function output pins, regardless of the settings of PUO, PU1,

PU3 to PU5, PU7, PU12, and PU14.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.

RESET input clears these registers to 00H.

Symbol
PUO

PU1

PU3

PU4

PU5

PU7

PU12

PU14

108

Figure 4-23. Format of Pull-up Resistor Option Register

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

[ o | Puos | Puos | Puoa | Puos | Puo2 | Puor | Puoo | FrsoH  ooH RIW
7 6 5 4 3 2 1 0

[ Pu17 | Puis | Puis | puws | Pu1s | puiz | Puir | Puio | FraiH 00H RIW
7 6 5 4 3 2 1 0

[ o | o o | o | puss | Pus2 | Pust | Puso | FF33H 00H RIW
7 6 5 4 3 2 1 0

[ o | o o | o | puss | Pusz | pusr | puso | FF34H 00H RIW
7 6 5 4 3 2 1 0

[ o 0 0 0 PUS3 | PUS2 | PUSL | PU50 | FF35H 00H RIW
7 6 5 4 3 2 1 0

[ Pu77 | Puzs | PU7s | PUTa | PU73 | PUT2 | PUTL | PU7O | FRa7H 00H RIW
7 6 5 4 3 2 1 0

[ o | o o | o | o o | o [pui2o | Fracn 00H RIW
7 6 5 4 3 2 1 0

[ o | o o | o | o o | puwar | putao | Frsen 00H RIW

PUmn Pmn pin on-chip pull-up resistor selection
(m=0,1,3t05,7,12,14;n=01t07)

0 On-chip pull-up resistor not connected

On-chip pull-up resistor connected
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4.4 Port Function Operations
Port operations differ depending on whether the input or output mode is set, as shown below.

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

4.4.1 Writing to I/O port

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

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

4.4.2 Reading from 1/O port

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

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

4.4.3 Operations on 1/O port

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

(2) Input mode

The pin level is read and an operation is performed on its contents. The result of the operation is written to the
output latch, but since the output buffer is off, the pin status does not change.
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5.1 Functions of Clock Generator

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

e High-speed system clock oscillator
The high-speed system clock oscillator oscillates a clock of fxr = 2.0 to 16.0 MHz. Oscillation can be stopped
by executing the STOP instruction or setting the main OSC control register (MOC) and processor clock control
register (PCC).

e |Internal oscillator
The Internal oscillator oscillates a clock of fr = 240 kHz (TYP.). Oscillation can be stopped by setting the
internal oscillation mode register (RCM) when “Can be stopped by software” is set by the option byte and the
high-speed system clock is used as the CPU clock.

e Subsystem clock oscillator
The subsystem clock oscillator oscillates a clock of fxt = 32.768 kHz. Oscillation cannot be stopped. When
subsystem clock oscillator is not used, setting not to use the on-chip feedback resistor is possible using the
processor clock control register (PCC), and the operating current can be reduced in the STOP mode.

Remarks 1. fxr: High-speed system clock oscillation frequency
2. fr: Internal oscillation clock oscillation frequency
3. fxm: Subsystem clock oscillation frequency

5.2 Configuration of Clock Generator
The clock generator includes the following hardware.

Table 5-1. Configuration of Clock Generator

Iltem Configuration

Control registers Processor clock control register (PCC)

Internal oscillation mode register (RCM)

Main clock mode register (MCM)

Main OSC control register (MOC)

Oscillation stabilization time counter status register (OSTC)
Oscillation stabilization time select register (OSTS)

Oscillators High-speed system clock oscillator
Internal oscillator
Subsystem clock oscillator
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Figure 5-1. Block Diagram of Clock Generator

Internal bus

(l\:/(ljarlipr cSSC Main clock 33%'“;2%& fime Processor clock
register mode register select register control register
(MOC) (MCM) (OSTS) (PCC)
MCC| CLS MSTOP MCS [MCMO 0OSTS2|0STS1|0STS0 CLS | CSS [PCC2|PCC1|PCCO
%3; i
— — 4
STOP |..|Oscillation stabilization Control signal
time counter Controller
; ; t ; Oscillation
stabilization
MOST|MOST [MOST | MOST|MOST [time counter
W B3| 14|55 [saus c cp
U clock
% V¥ ¥ ¥ register 5 (fepu)
(0STC)
X1©@—~ High-speed
system clock P . fx
X2@——{ oscillator ** | Operation Prescaler
clock switch
[T I I )
2|22 22 fepu
9]
Internal ‘g
oscillator fr 2
%]
Watch clock,
clock output
function
Prescaler
112 Subsystem [+——Q XT1
Clock to peripheral fr clock oscillator——Q) XT2
hardware
Option byte (LSROSC) |
1: Cannot be stopped L_=| Prescaler ERC
0: Can be stopped
8-bit timer H1,
RSTOP watchdog timer
Internal oscillation
mode register (RCM)
g Internal bus g
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5.3 Registers Controlling Clock Generator
The following six registers are used to control the clock generator.

e Processor clock control register (PCC)

¢ |Internal oscillation mode register (RCM)

e Main clock mode register (MCM)

e Main OSC control register (MOC)

e Oscillation stabilization time counter status register (OSTC)
o Oscillation stabilization time select register (OSTS)

(1) Processor clock control register (PCC)

The PCC register is used to select the CPU clock, the division ratio, main system clock oscillator operation/stop
and whether to use the on-chip feedback resistor"**®
The PCC is set by a 1-bit or 8-bit memory manipulation instruction.

RESET input clears PCC to O0H.

of the subsystem clock oscillator.

Note The feedback resistor is required to control the bias point of the oscillation waveform so that the bias point
is in the middle of the power supply voltage (see Figure 5-11 Subsystem Clock Feedback Resistor).
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Figure 5-2. Format of Processor Clock Control Register (PCC)

Address: FFFBH  After reset: 00H R/wWN*e’

Symbol

PCC

Notes 1.
2.

Caution

<7> <6> <5> <4> 3 2 1 0
Mcc FRC CLs CSs 0 pPCC2 pPCC1 PCCO
MCC Control of high-speed system clock oscillator operation""tez
0 Oscillation possible
1 Oscillation stopped
FRC Subsystem clock feedback resistor selection"*'*¢?
0 On-chip feedback resistor used
1 On-chip feedback resistor not used
CLS CPU clock status
0 High-speed system clock or internal oscillation clock
1 Subsystem clock
csghetes PCC2 PCC1 PCCO CPU clock (fcru) selection
MCMO =0 MCMO = 1
0 0 0 0 fx fr fxp
0 0 1 fx/2 fri2 Not® fxp/2
0 1 0 fx/2? Setting prohibited| fxp/2°
0 1 1 fx/2® Setting prohibited| fxr/2*
1 0 0 fx/2* Setting prohibited| fxe/2*
1 0 0 0 fxr/2
0 0 1
0 1 0
0 1 1
1 0 0
Other than above Setting prohibited

Bit 5 is read-only.

When the CPU is operating on the subsystem clock, MCC should be used to stop the high-speed
system clock oscillator operation. When the CPU is operating on the internal oscillation clock, use bit 7
(MSTOP) of the main OSC control register (MOC) to stop the high-speed system clock oscillator
operation (this cannot be set by MCC). A STOP instruction should not be used.

Clear this bit to 0 when the subsystem clock is used, and set it to 1 when the subsystem clock is not
used.

Be sure to switch CSS from 1 to 0 when bits 1 (MCS) and 0 (MCMO) of the main clock mode register
(MCM) are 1.

Setting is prohibited for the (A1) grade products.

Be sure to clear bit 3 to 0.
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Remarks 1. MCMO: Bit 0 of the main clock mode register (MCM)

2. fx: Main system clock oscillation frequency (high-speed system clock oscillation frequency or

internal oscillation clock oscillation frequency)

3. fr:
4. fxp:
5. fxm:

The fastest instruction can be executed in 2 clocks of the CPU clock in the 78K0/KE1+.

relationship between the CPU clock (fcpu) and minimum instruction execution time is as shown in the Table 5-2.

Internal oscillation clock oscillation frequency
High-speed system clock oscillation frequency
Subsystem clock oscillation frequency

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

Therefore, the

CPU Clock (fcpu) Minimum Instruction Execution Time: 2/fcru
High-Speed System Clock Nt Internal Oscillation Subsystem Clock
ClockM*®"
At 10 MHz Operation | At 16 MHz Operation At 240 kHz (TYP.) At 32.768 kHz

Operation Operation

fx 0.2 us 0.125 us 8.3 us (TYP.) -

fx/2 0.4 us 0.25 us 16.6 us (TYP.)Ne? -

fx/2? 0.8 us 0.5 us Setting prohibited -

fx/2° 1.6 us 1.0 us Setting prohibited -

fx/2* 3.2 us 2.0 us Setting prohibited -

fxr/2 - - 122.1 us

Notes 1. The main clock mode register (MCM) is used to set the CPU clock (high-speed system clock/internal
oscillation clock) (see Figure 5-4).

<R> 2. Setting is prohibited for the (A1) grade products.
(2) Internal oscillation mode register (RCM)
This register sets the operation mode of internal oscillator.
This register is valid when “Can be stopped by software” is set for internal oscillator by the option byte, and the
high-speed system clock or subsystem clock is selected as the CPU clock. If “Cannot be stopped” is selected for
internal oscillator by the option byte, settings for this register are invalid.
RCM can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 5-3. Format of Internal Oscillation Mode Register (RCM)

Address: FFAOH After reset: 0O0H R/W

Symbol 7 6 5 4 3 2 1 <0>
RCM 0 0 0 0 0 0 0 RSTOP
RSTOP Internal oscillator oscillating/stopped
0 Internal oscillator oscillating
1 Internal oscillator stopped

Caution Make sure that the bit 1 (MCS) of the main clock mode register (MCM) is 1 before
setting RSTOP.
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(3) Main clock mode register (MCM)
This register sets the CPU clock (high-speed system clock/internal oscillation clock).
MCM can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 5-4. Format of Main Clock Mode Register (MCM)

Address: FFATH  After reset: 00H R/WN°'®

Symbol 7 6 5 4 3 2 <1> <0>
MCM 0 0 0 0 0 0 MCS MCMO
MCS CPU clock status
0 Operates with internal oscillation clock
1 Operates with high-speed system clock
MCMO Selection of clock supplied to CPU
0 Internal oscillation clock
1 High-speed system clock

Note Bit 1 is read-only.

Cautions 1. When internal oscillation clock is selected as the clock to be supplied to the

CPU, the divided clock of the internal oscillator output (fx) is supplied to the
peripheral hardware (fx = 240 kHz (TYP.)).
Operation of the peripheral hardware with internal oscillation clock cannot be
guaranteed. Therefore, when internal oscillation clock is selected as the clock
supplied to the CPU, do not use peripheral hardware. In addition, stop the
peripheral hardware before switching the clock supplied to the CPU from the
high-speed system clock to the internal oscillation clock. Note, however, that
the following peripheral hardware can be used when the CPU operates on the
internal oscillation clock.

Watchdog timer

Clock monitor

8-bit timer H1 when fr/2’ is selected as count clock

Peripheral hardware selecting external clock as the clock source

(Except when external count clock of TMOn (n = 0, 1) is selected (TIOOn valid
edge))

2. Set MCS =1 and MCMO = 1 before switching subsystem clock operation to high-
speed system clock operation (bit 4 (CSS) of the processor clock control
register (PCC) is changed from 1 to 0).
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(4) Main OSC control register (MOC)
This register selects the operation mode of the high-speed system clock.
This register is used to stop the high-speed system clock oscillator operation when the CPU is operating with the
internal oscillation clock. Therefore, this register is valid only when the CPU is operating with the internal
oscillation clock.
MOC can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 5-5. Format of Main OSC Control Register (MOC)

Address: FFA2H Afterreset: 00H R/W

Symbol <7> 6 5 4 3 2 1 0
MOC MSTOP 0 0 0 0 0 0 0
MSTOP Control of high-speed system clock oscillator operation
0 High-speed system clock oscillator operating
1 High-speed system clock oscillator stopped

Cautions 1. Make sure that bit 1 (MCS) of the main clock mode register (MCM) is 0 before
setting MSTOP.
2. To stop high-speed system clock oscillation when the CPU is operating on the
subsystem clock, set bit 7 (MCC) of the processor clock control register (PCC) to
1 (setting by MSTOP is not possible).
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(5) Oscillation stabilization time counter status register (OSTC)
This is the status register of the high-speed system clock oscillation stabilization time counter. If the internal
oscillation clock is used as the CPU clock, the high-speed system clock oscillation stabilization time can be

checked.

OSTC can be read by a 1-bit or 8-bit memory manipulation instruction.
When reset is released (reset by RESET input, POC, LVI, clock monitor, and WDT), the STOP instruction,
MSTOP =1, and MCC = 1 clear OSTC to 00H.

Figure 5-6. Format of Oscillation Stabilization Time Counter Status Register (OSTC)

Address: FFA3H Afterreset: 00H R

Symbol 7 6 5 4 3 2 1 0
0STC 0 0 0 MOST11 | MOST13 | MOST14 | MOST15 | MOST16
MOST11 MOST13 MOST14 MOST15 MOST16 Oscillation stabilization time status
fxp = 10 MHz | fxp = 16 MHz
1 0 0 0 0 2" ffxe min. 204.8 15 min.| 128 us min.
1 1 0 0 0 2%/fxe min. | 819.2 us min.| 512 s min.
1 1 1 0 0 2"/fxe min. | 1.64 ms min.| 1.02 ms min.
1 1 1 1 0 2"/fxp min. | 3.27 ms min.| 2.04 ms min.
1 1 1 1 1 2"/fxe min. | 6.55 ms min.| 4.09 ms min.
Cautions 1. After the above time has elapsed, the bits are set to 1 in order from MOST11 and

remain 1.
If the STOP mode is entered and then released while the internal oscillation is
being used as the CPU clock, set the oscillation stabilization time as follows.

e Desired OSTC oscillation stabilization time < Oscillation stabilization time

set by OSTS

The oscillation stabilization time counter counts up to the oscillation
stabilization time set by OSTS. Note, therefore, that only the status up to the
oscillation stabilization time set by OSTS is set to OSTC after STOP mode is
released.
The wait time when STOP mode is released does not include the time after STOP
mode release until clock oscillation starts (“a” below) regardless of whether
STOP mode is released by RESET input or interrupt generation.

STOP mode release

X1 pinvoltage l
waveform

Remark fxr: High-speed system clock oscillation frequency
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(6) Oscillation stabilization time select register (OSTS)
This register is used to select the high-speed system clock oscillation stabilization wait time when STOP mode is
released.
The wait time set by OSTS is valid only after STOP mode is released with the high-speed system clock selected
as CPU clock. After STOP mode is released with internal oscillation clock selected as CPU clock, the oscillation
stabilization time must be confirmed by OSTC.
OSTS can be set by an 8-bit memory manipulation instruction.
RESET input sets OSTS to 05H.

Figure 5-7. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFA4H  Afterreset: 05H R/W

Symbol 7 6 5 4 3 2 1 0
0STS 0 0 0 0 0 OSTS2 OSTSH1 0OSTS0
OSTS2 OSTS1 OSTS0 Oscillation stabilization time selection
fxr = 10 MHz fxp = 16 MHz
0 0 1 2" ke 204.8 us 128 us
0 1 0 2%/xe 819.2 us 512 us
0 1 1 2"fxp 1.64 ms 1.02 ms
1 0 0 2" fxp 3.27ms 2.04 ms
1 0 1 2" xp 6.55 ms 4.09 ms
Other than above Setting prohibited

Cautions 1. To set the STOP mode when the high-speed system clock is used as the CPU
clock, set OSTS before executing a STOP instruction.

2. Before setting OSTS, confirm with OSTC that the desired oscillation stabilization
time has elapsed.

3. If the STOP mode is entered and then released while the internal oscillation
clock is being used as the CPU clock, set the oscillation stabilization time as
follows.

o Desired OSTC oscillation stabilization time < Oscillation stabilization time
set by OSTS
The oscillation stabilization time counter counts up to the oscillation
stabilization time set by OSTS. Note, therefore, that only the status up to the
oscillation stabilization time set by OSTS is set to OSTC after STOP mode is
released.

4. The wait time when STOP mode is released does not include the time after STOP
mode release until clock oscillation starts (“a” below) regardless of whether
STOP mode is released by RESET input or interrupt generation.

STOP mode release

X1 pinvoltage l
waveform

Remark fxr: High-speed system clock oscillation frequency

118 User's Manual U16899EJ3V0UD



CHAPTER 5 CLOCK GENERATOR

5.4 System Clock Oscillator

5.4.1 High-speed system clock oscillator

The high-speed system clock oscillator oscillates with a crystal resonator or ceramic resonator connected to the X1
and X2 pins.

An external clock can be input to the high-speed system clock oscillator. In this case, input the clock signal to the
X1 pin and input the inverse signal to the X2 pin.

Figure 5-8 shows examples of the external circuit of the high-speed system clock oscillator.

Figure 5-8. Examples of External Circuit of High-Speed System Clock Oscillator

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

Vss

— X1 R
X External
| X1

clock

X2

Crystal resonator or X2
ceramic resonator

Caution is provided on the next page.

5.4.2 Subsystem clock oscillator

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

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

Figure 5-9 shows examples of an external circuit of the subsystem clock oscillator.

Figure 5-9. Examples of External Circuit of Subsystem Clock Oscillator

(a) Crystal oscillation (b) External clock

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

Vss

|
| I External
| I XTL clock XT1
1] 32.768
} = kHz
] |—1W XT2 XT2

Caution is provided on the next page.
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Caution When using the high-speed system clock oscillator and subsystem clock oscillator, wire as
follows in the area enclosed by the broken lines in the Figures 5-8 and 5-9 to avoid an adverse
effect from wiring capacitance.

* Keep the wiring length as short as possible.

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

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

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

* Do not fetch signals from the oscillator.

Note that the subsystem clock oscillator is designed as a low-amplitude circuit for reducing
power consumption.

Figure 5-10 shows examples of incorrect resonator connection.

Figure 5-10. Examples of Incorrect Resonator Connection (1/2)

(a) Too long wiring (b) Crossed signal line
PORT
Vss X1 X2 Vss X1 X2

Remark When using the subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Also, insert
resistors in series on the XT2 side.
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Figure 5-10. Examples of Incorrect Resonator Connection (2/2)

(c) Wiring near high alternating current (d) Current flowing through ground line of oscillator
(potential at points A, B, and C fluctuates)

Voo

Pmn

Vs X2

P I:l I—‘ r— Vs X2
L —_

W PDP
E

S
A . B TC
High current
77 cal

High current

(e) Signals are fetched

Vs X2

Yo
T

[

e

Remark When using the subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Also, insert
resistors in series on the XT2 side.
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5.4.3 When subsystem clock is not used
If it is not necessary to use the subsystem clock for low power consumption operations and watch operations,
connect the XT1 and XT2 pins as follows.

XT1: Connect directly to EVss or Vss"°*®
XT2: Leave open

Note When the subsystem clock is not used, the on-chip feedback resistor must be set after a reset is released
so that it is not used (bit 6 (FRC) of processor clock control register (PCC) = 1).

Figure 5-11. Subsystem Clock Feedback Resistor

FRC

P-ch
Feedback resistor m {>Q

©) O
XT1 XT2

Remark The feedback resistor is required to control the bias point of the oscillation waveform so that the bias
point is in the middle of the power supply voltage.

5.4.4 Internal oscillator
Internal oscillator is incorporated in the 78 K0O/KE1+.
“Can be stopped by software” or “Cannot be stopped” can be selected using the option byte. The internal

oscillation clock always oscillates after RESET release (240 kHz (TYP.)).
5.4.5 Prescaler
The prescaler generates various clocks by dividing the high-speed system clock oscillator output when the high-

speed system clock is selected as the clock to be supplied to the CPU.

Caution When the internal oscillation clock is selected as the clock supplied to the CPU, the prescaler
generates various clocks by dividing the internal oscillator output (fx = 240 kHz (TYP.)).
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5.5 Clock Generator Operation

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

e High-speed system clock fxp
¢ Internal oscillation clock fr

e Subsystem clock fxt

e CPU clock fcpu

e Clock to peripheral hardware

The CPU starts operation when the on-chip internal oscillator starts outputting after reset release in the
78KO0/KE1+, thus enabling the following.

(1) Enhancement of security function
When the high-speed system clock is set as the CPU clock by the default setting, the device cannot operate if the
high-speed system clock is damaged or badly connected and therefore does not operate after reset is released.
However, the start clock of the CPU is the on-chip internal oscillation clock, so the device can be started by the
internal oscillation clock after reset release by the clock monitor (detection of high-speed system clock stop).
Consequently, the system can be safely shut down by performing a minimum operation, such as acknowledging a
reset source by software or performing safety processing when there is a malfunction.

(2) Improvement of performance
Because the CPU can be started without waiting for the high-speed system clock oscillation stabilization time, the
total performance can be improved.
A timing diagram of the CPU default start using internal oscillator is shown in Figure 5-12.
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(fxp)

clock (fr)

(fxT)

124

High-speed system clock |_||'||||||||||||||| |||||||||||||||||||||||||| ||||||||||||||||||||||||||-|
Internal oscillation .||| .||||||||||||||.|||||||||||||||||

Subsystem clock : I_l |

Figure 5-12. Timing Diagram of CPU Default Start Using Internal Oscillator

RESET J : : Switched by software

CPU clock —:—< Internal oscillation clock >< High-speed system clock >

' '
o —— ]
' '

1 Operation
' stopped: 17/fr -

High-speed system clock oscillation stabilization time:
2% /fxp to 2'/fxpN0te

Note Check using the oscillation stabilization time counter status register (OSTC).

(a)

©

(d)

(e)

When the RESET signal is generated, bit 0 of the main clock mode register (MCM) is cleared to 0 and the
internal oscillation clock is set as the CPU clock. However, a clock is supplied to the CPU after 17 clocks of
the internal oscillation clock have elapsed after RESET release (or clock supply to the CPU stops for 17
clocks). During the Iﬁperiod, oscillation of the high-speed system clock and internal oscillation clock is
stopped.

After RESET release, the CPU clock can be switched from the internal oscillation clock to the high-speed
system clock using bit 0 (MCMO) of the main clock mode register (MCM) after the high-speed system clock
oscillation stabilization time has elapsed. At this time, check the oscillation stabilization time using the
oscillation stabilization time counter status register (OSTC) before switching the CPU clock. The CPU clock
status can be checked using bit 1 (MCS) of MCM.

Internal oscillator can be set to stopped/oscillating using the internal oscillation mode register (RCM) when
“Can be stopped by software” is selected for the internal oscillator by the option byte, if the high-speed
system or subsystem clock is used as the CPU clock. Make sure that MCS is 1 at this time.

When internal oscillation clock is used as the CPU clock, the high-speed system clock can be set to
stopped/oscillating using the main OSC control register (MOC). Make sure that MCS is 0 at this time.

When the subsystem clock is used as the CPU clock, whether the high-speed system clock stops or
oscillates can be set by the processor clock control register (PCC). In addition, HALT mode can be used
during operation with the subsystem clock, but STOP mode cannot be used (subsystem clock oscillation
cannot be stopped by the STOP instruction).

Select the high-speed system clock oscillation stabilization time (2'"/fxe, 2"/fxe, 2"*/fxe, 2"/fxp, 2'®/fxP) using
the oscillation stabilization time select register (OSTS) when releasing STOP mode while high-speed system
clock is being used as the CPU clock. In addition, when releasing STOP mode while RESET is released and
internal oscillation clock is being used as the CPU clock, check the high-speed system clock oscillation
stabilization time using the oscillation stabilization time counter status register (OSTC).
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A status transition diagram of this product is shown in Figure 5-13, and the relationship between the operation
clocks in each operation status and between the oscillation control flag and oscillation status of each clock are shown
in Tables 5-3 and 5-4, respectively.

Figure 5-13. Status Transition Diagram (1/4)

(1) When “internal oscillator can be stopped by software” is selected by option byte
(when subsystem clock is not used)

HALTNOte 4

Interrupt Interrupt
HALT

HALT instruction
Interrupt

HALT

instruction
HALT

instruction

instruction

Status 4
CPU clock: fxp
fxe: Oscillating
fr: Oscillation stopped

Status 3
CPU clock: fxp
fxe: Oscillating
fr: Oscillating

RSTOP =0 Status 1
CPU clock: fr
fxe: Oscillation stopped

fr: Oscillating

MCMO =0 Status 2
CPU clock: fr
fxp: Oscillating

fr: Oscillating

Interrupt STOP
nterrupt
P STOP - instruction
instruction Interrupt
STOP

instruction
STOPNole 4

RSTOP = 1Mot MCMO = 1Mte2 MSTOP =0

STOP
instruction

Interrupt

Reset release

Res etNote 5

Notes 1. When shifting from status 3 to status 4, make sure that bit 1 (MCS) of the main clock mode register
(MCM) is 1.

2. Before shifting from status 2 to status 3 after reset and STOP are released, check the high-speed
system clock oscillation stabilization time status using the oscillation stabilization time counter status
register (OSTC).

3.  When shifting from status 2 to status 1, make sure that MCS is 0.

4. When “internal oscillator can be stopped by software” is selected by the option byte, the watchdog
timer stops operating in the HALT and STOP modes, regardless of the source clock of the watchdog
timer. However, oscillation of internal oscillator does not stop even in the HALT and STOP modes if
RSTOP = 0.

5. All reset sources (RESET input, POC, LVI, clock monitor, and WDT)
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Figure 5-13. Status Transition Diagram (2/4)

(2) When “internal oscillator can be stopped by software” is selected by option byte
(when subsystem clock is used)

Status 6

CPU clock: fxt

fxe: Oscillation
stopped

fr: Oscillating/

oscillation

MCC =0
MCC =1 \\, HALT

instruction

Interrupt

Interrupt

fxe: Oscillating
fr: Oscillating/

HALTNole4
oscillation

HALT HALT
stopped instruction Interrupt instruction
CSS =QNote5 __ammm=mmmmmmmen HALT \ HALT
Ok\ '~~.\|nstruct|on Interrupt instruction

CSS =1N R N Interrupt
./ Status 4 s, Status 1
! = Status 3 . - Status 2 _ 1Note3 atus
! [ CPU clock: fxp RLOP =0 . NLMO z0 CPU clock: fr MS-LP =1 CPU clock: fr

CPU clock: fxe
fxe: Oscillating
fr: Oscillating

.~ Lot . ) instruction
__________ - instruction
----------------- Interrupt Interrupt
STOP Interrupt

instruction
STO PNote 4

fxe: Oscillation
stopped
r: Oscillating

i | fxe: Oscillating | -—— fxe: Oscillating

Reset release

ResetNote 6

Notes 1. When shifting from status 3 to status 4, make sure that bit 1 (MCS) of the main clock mode register
(MCM) is 1.

2. Before shifting from status 2 to status 3 after reset and STOP are released, check the high-speed
system clock oscillation stabilization time status using the oscillation stabilization time counter status
register (OSTC).

3. When shifting from status 2 to status 1, make sure that MCS is 0.

4. When “internal oscillator can be stopped by software” is selected by the option byte, the clock supply
to the watchdog timer is stopped after the HALT or STOP instruction has been executed, regardless
of the setting of bit 0 (RSTOP) of the internal oscillation mode register (RCM) and bit 0 (MCMO) of the
main clock mode register (MCM).

5. The operation cannot be shifted between subsystem clock operation and internal oscillation clock
operation.

6. All reset sources (RESET input, POC, LVI, clock monitor, and WDT)
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Figure 5-13. Status Transition Diagram (3/4)

(3) When “internal oscillator cannot be stopped” is selected by option byte
(when subsystem clock is not used)

HALT ; ;
Interrupt Interrupt instruction HALT instruction

HALT Interrupt
instruction

Status 3 MCMO = 0 Status 2 MSTOP = qNote2 Status 1
CPU clock: fxe CPU clock: fr CPU clock: fr
fxe: Oscillating fxe: Oscillating fxe: Oscillation stopped
fr: Oscillating MCMO = 1Notel fr: Oscillating MSTOP =0 fr: Oscillating
Interrupt
STOP STOP Interrupt Interrupt
instruction instruction

STOPNote3 Reset release

Notes 1. Before shifting from status 2 to status 3 after reset and STOP are released, check the high-speed

system clock oscillation stabilization time status using the oscillation stabilization time counter status

register (OSTC).
2. When shifting from status 2 to status 1, make sure that MCS is 0.

3. The watchdog timer operates using internal oscillator even in STOP mode if “internal oscillator cannot

be stopped” is selected by the option byte. Internal oscillation clock division can be selected as the

count source of 8-bit timer H1 (TMH1), so clear the watchdog timer using the TMH1 interrupt request

before watchdog timer overflow. If this processing is not performed, an internal reset signal is

generated at watchdog timer overflow after STOP instruction execution.
4. Allreset sources (RESET input, POC, LVI, clock monitor, and WDT)
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Figure 5-13. Status Transition Diagram (4/4)

(4) When “internal oscillator cannot be stopped” is selected by option byte
(when subsystem clock is used)

Status 5
CPU clock: fxr
fxe: Oscillation stopped
fr: Oscillating

MCC =0
MCC=1

Status 4

Interrupt

HALT instruction

CPU clock: fxr *

fxp: Oscillating

fr: Oscillating HALT instruction

Interrupt !—|ALT _ HALT instruction
\\CSS = gNote 5 Interrupt| | instruction
HALT Interrupt
— 1Note 4
CSs =17 instruction

MSTOP = 1Note 2 Status 1

Status 3 MCM0 =0 Status 2

CPU clock: fxp CPU clock: fr CPU c!ock: fr

fxe: Oscillating fxe: Oscillating fxp: Osullatl_on _stopped

fr: Oscillating MCMO = 1Note 1 fr: Oscillating MSTOP =0 fr: Oscillating
STOP

instruction
Interrupt

STOP STOP Interrupt
instruction instruction

Interrupt

ResetNote 5

Notes 1. Before shifting from status 2 to status 3 after reset and STOP are released, check the high-speed

STOP\ete3 Reset release

system clock oscillation stabilization time status using the oscillation stabilization time counter status
register (OSTC).

2. When shifting from status 2 to status 1, make sure that MCS is 0.
The watchdog timer operates using internal oscillator even in STOP mode if “internal oscillator cannot
be stopped” is selected by the option byte. Internal oscillation clock division can be selected as the
count source of 8-bit timer H1 (TMH1), so clear the watchdog timer using the TMH1 interrupt request
before watchdog timer overflow. If this processing is not performed, an internal reset signal is
generated at watchdog timer overflow after STOP instruction execution.

4. The operation cannot be shifted between subsystem clock operation and internal oscillation clock
operation.

5. All reset sources (RESET input, POC, LVI, clock monitor, and WDT)
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Table 5-3. Relationship Between Operation Clocks in Each Operation Status

Status High-Speed System Internal Oscillator Subsystem | CPU Clock Prescaler Clock
Clock Oscillator Clock After Supplied to Peripherals
Operation MSTOP = 0|MSTOP = 1| Note 1 Note 2 Oscillator | Release
Mode MCC=0 | MCC=1 RSTOP = 0|RSTOP = 1 MCMO = 0 | MCMO = 1
Reset Stopped Stopped Oscillating | Internal Stopped
oscillation
clock
STOP Oscillating | Oscillating | Stopped Note 3 Stopped
HALT Oscillating | Stopped Note 4 Internal High-
oscillation | speed
clock system
clock
Notes 1. When “Cannot be stopped” is selected for internal oscillator by the option byte.
2. When “Can be stopped by software” is selected for internal oscillator by the option byte.
3. Operates using the CPU clock at STOP instruction execution.
4. Operates using the CPU clock at HALT instruction execution.
Caution The RSTOP setting is valid only when “Can be stopped by software” is set for internal oscillator by
the option byte.
Remark MSTOP: Bit 7 of the main OSC control register (MOC)
MCC: Bit 7 of the processor clock control register (PCC)
RSTOP: Bit 0 of the internal oscillation mode register (RCM)
MCMO: Bit 0 of the main clock mode register (MCM)
Table 5-4. Oscillation Control Flags and Clock Oscillation Status
High-Speed System Clock Oscillator Internal Oscillator
MSTOP = 1"°* | RSTOP =0 | Stopped Oscillating
RSTOP =1 Setting prohibited
MSTOP = 0"°* | RSTOP =0 | Oscillating Oscillating
RSTOP =1 Stopped
MCC = 1Mot RSTOP =0 | Stopped Oscillating
RSTOP =1 Stopped
MCC = o"°* RSTOP =0 | Oscillating Oscillating
RSTOP =1 Stopped

Note Setting high-speed system clock oscillator oscillating/stopped differs depending on the CPU clock

used.

e When the internal oscillation clock is used as the CPU clock: Set using the MSTOP bit
e When the subsystem clock is used as the CPU clock: Set using the MCC bit

Caution The RSTOP setting is valid only when “Can be stopped by software” is set for internal
oscillator by the option byte.

Remark MSTOP: Bit 7 of the main OSC control register (MOC)

MCC:

Bit 7 of the processor clock control register (PCC)

RSTOP: Bit 0 of the internal oscillation mode register (RCM)
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5.6 Time Required to Switch Between Internal Oscillation Clock and High-Speed System Clock

Bit 0 (MCMO) of the main clock mode register (MCM) is used to switch between the internal oscillation clock and

high-speed system clock.

In the actual switching operation, switching does not occur immediately after MCMO rewrite; several instructions

are executed using the pre-switch clock after switching MCMO (see Table 5-5).

Bit 1 (MCS) of MCM is used to judge that operation is performed using either the internal oscillation clock or high-
speed system clock.

To stop the original clock after switching the clock, wait for the number of clocks shown in Table 5-5 before

stopping.
Table 5-5. Maximum Time Required to Switch
Between Internal Oscillation Clock and High-Speed System Clock
PCC Time Required for Switching
PCC2 PCC1 PCCO High-Speed System Clock — Internal Oscillation —
Internal Oscillation High-Speed System Clock
0 0 0 fxp/fr + 1 clock 2 clocks
0 0 1 fxp/2fr + 1 clockM°'® 2 clocks™™*®
Note Setting is prohibited for the (A1) grade products.
Caution To calculate the maximum time, set fr = 120 kHz.
Remarks 1. PCC: Processor clock control register
2. fxr: High-speed system clock oscillation frequency
3. frR: Internal oscillation clock frequency
4. The maximum time is the number of clocks of the CPU clock before switching.
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5.7 Time Required for CPU Clock Switchover

The CPU clock can be switched using bits 0 to 2 (PCCO to PCC2) and bit 4 (CSS) of the processor clock control

register (PCC).

The actual switchover operation is not performed immediately after rewriting to the PCC; operation continues on

the pre-switchover clock for several instructions (see Table 5-6).

Whether the system is operating on the high-speed system clock (or internal oscillation clock) or the subsystem

clock can be ascertained using bit 5 (CLS) of the PCC register.

Table 5-6. Maximum Time Required for CPU Clock Switchover

Set Value Before

Set Value After Switchover

Switchover
css |Pccz|Peci|Peco| css [Pecz|Peet|Peco| ©ss [PCc2|PCC1|PCCo| €SS |PCC2|PCC|PCCo| CSs [PCC2|PCct|PCCo| CSs [PCC2|PCCt|PCCo| Css |Pec2|Pect|Peco
ofojofojojojojt1yjofo|t1Tjofojof1|{1fo|1{o0o]|]0|1]|x]|x]|x
o|j0|0]|O 16 clocks 16 clocks 16 clocks 16 clocks 2fxe/fxr clocks
(977 clocks)
0011 8 clocks 8 clocks 8 clocks 8 clocks fxe/fxt clocks
(489 clocks)
o(1]0 4 clocks 4 clocks 4 clocks 4 clocks fxe/2fxt clocks
(245 clocks)
0|111]1 2 clocks 2 clocks 2 clocks 2 clocks fxp/4fxt clocks
(123 clocks)
1100 1 clock 1 clock 1 clock 1 clock fxe/8fxt clocks
(62 clocks)
10 x| x| x 1 clock 1 clock 1 clock 1 clock 1 clock
Cautions 1. Selection of the CPU clock cycle division factor (PCC0 to PCC2) and switchover from the
high-speed system clock to the subsystem clock (changing CSS from 0 to 1) should not be
set simultaneously.
Simultaneous setting is possible, however, for selection of the CPU clock cycle division
factor (PCCO to PCC2) and switchover from the subsystem clock to the high-speed system
clock (changing CSS from 1 to 0).
2. Setting the following values is prohibited when the CPU operates on the internal oscillation

clock.

e CSS, PCC2,PCC1,PCC0=0,0,1,0
e CSS, PCC2,PCC1,PCC0=0,0,1,1
e CSS, PCC2,PCC1,PCC0=0,1,0,0

Remarks 1. The maximum time is the number of clocks of the pre-switchover CPU clock.

2. Figures in parentheses apply to operation with fxr = 16 MHz and fxt = 32.768 kHz.
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5.8 Clock Switching Flowchart and Register Setting
5.8.1 Switching from internal oscillation clock to high-speed system clock

Figure 5-14. Switching from internal oscillation Clock to High-Speed System Clock (Flowchart)

After reset
PCC = 00H ; fepu = fr
Register value I\’jl(éll\\/l/l f 88: ; Internal oscillator oscillation
after reset MOC ; 00H ; Internal oscillation clock operation
OSTC = 00H ; High-speed system clock oscillation
OSTS = 05HNte ; Oscillation stabilization time status register
: Oscillation stabilization time fxp/2'°
Each processing
OSTC check°t ; High-speed system clock oscillation
) stabilization time status check
High-speed system clock
Internal oscillation oscillation stabilization
clock operation time has not elapsed High-speed system clock oscillation stabilization time has elapsed

PCC setting
Internal oscillation
clock operation
(dividing set PCC)
MCM.0 « 1

< ———— MCM.1 (MCS) is changed from 0 to 1

High-speed system clock operation
High-speed system
clock operation

Note Check the oscillation stabilization wait time of the high-speed system clock oscillator after reset release
using the OSTC register and then switch to the high-speed system clock operation after the oscillation
stabilization wait time has elapsed. The OSTS register setting is valid only after STOP mode is released by
interrupt during high-speed system clock operation.
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5.8.2 Switching from high-speed system clock to internal oscillation clock

Figure 5-15. Switching from High-Speed System Clock to internal oscillation Clock (Flowchart)

~ Register setting PCC.7 (MCC) =0 ; High-speed system clock oscillation
in high-speed system PCC.4 (CSS)=0 ; High-speed system clock or Internal oscillation clock
clock operation MCM = 03H ; High-speed system clock operation

Yes: RSTOP =1

High-speed RCM. Ot
Sycs):)eer:lagfr?k (RSTOI;’) PP ; Internal oscillator oscillating?

No: RSTOP =0

MCM.0 « 0 ; Internal oscillation clock oscillating

< ———"7 MCM.1 (MCS) is changed from 1 to 0

Internal oscillation
clock operation

Internal oscillation clock operation

Note Required only when “can be stopped by software” is selected for internal oscillator by the option byte.
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5.8.3 Switching from high-speed system clock to subsystem clock

Figure 5-16. Switching from High-Speed System Clock to Subsystem Clock (Flowchart)

High-speed system
clock operation

Subsystem
clock

~ Register setting PCC.7 (MCC)=0 ; High-speed system clock oscillation
in high-speed system PCC.4(CSS)=0 ; High-speed system clock or Internal oscillation clock
clock operation MCM = 03H ; High-speed system clock operation
CSS « qNete ; Subsystem clock operation

< ————— MCS = 1 not changed.

CLS is changed from O to 1.

Subsystem clock operation

Note Set CSS to 1 after confirming that oscillation of the subsystem clock is stabilized.
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5.8.4 Switching from subsystem clock to high-speed system clock

Figure 5-17. Switching from Subsystem Clock to High-Speed System Clock (Flowchart)

PCC.4(Css)=1 .
MCM = 03H ; Subsystem clock operation

No: High-speed system
clock oscillating

; High-speed system clock oscillating?

Yes: High-speed system clock oscillation stopped

MCC « 0 ; High-speed system clock oscillation enabled

Subsystem
clock operation

check ; Wait for high-speed system clock oscillation

High-speed system stabilization time

clock oscillation
stabilization time
not elapsed

High-speed system clock oscillation stabilization time elapsed

CSS«0 ; High-speed system clock operation

— 1 CLSiis changed from 1 to 0.
MCS = 1 not changed.

High-speed system
cock operation

High-speed system clock operation
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5.8.5 Register settings
The table below shows the statuses of the setting flags and status flags when each mode is set.

Table 5-7. Clock and Register Setting

fepu Mode Setting Flag Status Flag
PCC Register MCM MOC RCM PCC MCM
Register | Register | Register | Register | Register
MCC CsSs MCMO | MSTOP |RSTOPM*' CLS MCS
High-speed Internal oscillator 0 0 1 0 0 0 1
system clockM**®? | oscillating
Internal oscillator stopped 0 0 1 0 1 0 1
Internal oscillation | High-speed system clock 0 0 0 0 0 0 0
clock oscillating
High-speed system clock oNote? 0 0 1 0 0 0
stopped
Subsystem High-speed system clock 0 1 qNote s QNete® 0 1 1
clockete 4 oscillating, internal
oscillator oscillating
High-speed system clock 1 1 Note s gNote® 0 1 1
stopped, internal oscillator
oscillating
High-speed system clock 0 1 qNete s QNete® 1 1 1
oscillating, internal
oscillator stopped
High-speed system clock 1 1 qNete s Qete s 1 1 1
stopped, internal oscillator
stopped
Notes 1. Valid only when “can be stopped by software” is selected for internal oscillator by the option byte.

2. Do not set MCC = 1 or MSTOP = 1 during high-speed system clock operation (even if MCC = 1 or
MSTOP = 1 is set, the high-speed system clock oscillation does not stop).

3. Do not set MCC = 1 during internal oscillation clock operation (even if MCC = 1 is set, the high-speed
system clock oscillation does not stop). To stop high-speed system clock oscillation during internal
oscillation clock operation, use MSTOP.

4. Shifting to subsystem clock operation mode must be performed from the high-speed system clock
operation mode. From subsystem clock operation mode, only high-speed system clock operation mode
can be shifted to.

5. Do not set MCMO = 0 (shifting to internal oscillation clock operation) during subsystem clock operation.

6. Do not set MSTOP = 1 during subsystem clock operation (even if MSTOP = 1 is set, high-speed system
clock oscillation does not stop). To stop high-speed system clock oscillation during subsystem clock
operation, use MCC.

136 User's Manual U16899EJ3VOUD
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The 4PD78F0132H incorporates 16-bit timer/event counter 00, and the ¢PD78F0133H, 78F0134H, 78F0136H,

78F0138H, and 78F0138HD incorporate 16-bit timer/event counters 00 and 01.

6.1 Functions of 16-Bit Timer/Event Counters 00 and 01

(1)

()

3)

4

)

(6)

16-bit timer/event counters 00 and 01N

have the following functions.
e |Interval timer

e PPG output

e Pulse width measurement

e External event counter

e Square-wave output

e One-shot pulse output

Interval timer
16-bit timer/event counters 00 and 01 generate an interrupt request at the preset time interval.

PPG output
16-bit timer/event counters 00 and 01 can output a rectangular wave whose frequency and output pulse width can
be set freely.

Pulse width measurement
16-bit timer/event counters 00 and 01 can measure the pulse width of an externally input signal.

External event counter
16-bit timer/event counters 00 and 01 can measure the number of pulses of an externally input signal.

Square-wave output
16-bit timer/event counters 00 and 01 can output a square wave with any selected frequency.

One-shot pulse output
16-bit timer event counters 00 and 01 can output a one-shot pulse whose output pulse width can be set freely.

Note Available only for the xPD78F0133H, 78F0134H, 78F0136H, 78F0138H, and 78F0138HD.
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6.2 Configuration of 16-Bit Timer/Event Counters 00 and 01

16-bit timer/event counters 00 and 01 include the following hardware.

Table 6-1. Configuration of 16-Bit Timer/Event Counters 00 and 01

Iltem

Configuration

Timer counter

16 bits (TMOn)

Register

16-bit timer capture/compare register: 16 bits (CR00n, CR01n)

Timer input

TIOOn, TIO1Nn

Timer output

TOON, output controller

Control registers

16-bit timer mode control register On (TMCOn)

16-bit timer capture/compare control register On (CRCOn)
16-bit timer output control register On (TOCOn)

Prescaler mode register On (PRMOn)

Port mode register 0 (PMO)

Port register 0 (P0)

Remark n=0:

uPD78F0132H

n=0,1: uPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD

Figures 6-1 and 6-2 show the block diagrams.

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

§

Internal bus S

Capture/compare control
register 00 (CRCO00)

CRC002
S
To CR010 | | 8 INTTMO000
— Q
Noise [_8 16-bit timer capture/compare =z
TI010/TO00/P01 ©——{elimi- 3 register 000 (CR000)
nator )
M Match
fx — ﬁ
fx/22 —= 8 s
fx/28 2 16-bit timer counter 00 Clear
| (TM00) ] Output
[ controller ) > ’. ©
Noise Match
fx— elimi- | 12 Output latch
nator (Poy) PMO1
I Noise 16-bit timer capture/compare
T1000/P00 © elimi- ™ register 010 (CRO10)
‘ ‘ 4|§‘ INTTMO010
H
CRCO002

PRMO01/PRM000
Prescaler mode

register 00 (PRMO00)

_—
[rmcoos{mcooz rmcoogovroo] [ospToolospEoolrocoodLvsoo]LvRoofrocooToEoo]
16-bit timer mode 16-bit timer output
control register 00 control register 00
(TMCO00) (TOCO00)

§

Internal bus
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Figure 6-2. Block Diagram of 16-Bit Timer/Event Counter 01
(«PD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD Only)

S Internal bus S

Capture/compare control
register 01 (CRCO01)

S
To CRO11 | | 8 INTTMO01
— Q
Noise r% 16-bit timer capture/compare 2
TI011/TO01/P06 ©—=elimi- 3 register 001 (CR001)
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©
)
CRCO012 —
PRMOL1/PRMOL0) [rmcot3[Tmcor2 Tvcontlovroa| [osprojospeatiTocor4Lvson [LvRozTocottToEo1]
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

(1) 16-bit timer counter On (TMOn)
TMOn is a 16-bit read-only register that counts count pulses.
The counter is incremented in synchronization with the rising edge of the input clock.

Figure 6-3. Format of 16-Bit Timer Counter On (TMOn)

Address: FF10H, FF11H (TMO00), FFBOH, FFB1H (TMO01) After reset: 0000H R

Symbol FF11H (TMOO) FF10H (TMOO)
FFB1H (TMO1) FFBOH (TMO1)
ooyl 1 1 [ [ T T T T T T T T T T ]

The count value is reset to 0000H in the following cases.

<1> AtRESET input

<2> If TMCONn3 and TMCOn2 are cleared

<3> If the valid edge of the TI0On pin is input in the mode in which clear & start occurs when inputting the valid
edge of the TI0On pin

<4> |If TMOn and CR0OOn match in the mode in which clear & start occurs on a match of TMOn and CR0OOn

<5> If OSPTOn is set to 1 in one-shot pulse output mode

(2) 16-bit timer capture/compare register 00n (CR00nN)
CROOnN is a 16-bit register that has the functions of both a capture register and a compare register. Whether it is
used as a capture register or as a compare register is set by bit 0 (CRCOnO0) of capture/compare control register
On (CRCOn).

CROON can be set by a 16-bit memory manipulation instruction.
RESET input clears this register to 0000H.

Figure 6-4. Format of 16-Bit Timer Capture/Compare Register 00n (CR00n)

Address: FF12H, FF13H (CR000), FFB2H, FFB3H (CR0O01) After reset: 0000H R/W

Symbol FF13H (CR000) FF12H (CR000)
FFB3H (CR001) FFB2H (CR0O01)

oo [ [ T T T T T T T T T [ T[]

e When CROON is used as a compare register
The value set in CROOn is constantly compared with 16-bit timer counter On (TMOn) count value, and an
interrupt request (INTTMOON) is generated if they match. The set value is held until CROOn is rewritten.

e When CROON is used as a capture register
It is possible to select the valid edge of the TI0On pin or the TI01n pin as the capture trigger. The TIOOn or
TI101n pin valid edge is set using prescaler mode register On (PRMOn) (see Table 6-2).
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

Table 6-2. CRO0n Capture Trigger and Valid Edges of TI0OOn and TI01n Pins

(1) TIOOn pin valid edge selected as capture trigger (CRCOn1 =1, CRCOn0 =1)

CROONn Capture Trigger TI0On Pin Valid Edge
ESOn1 ESOnO
Falling edge Rising edge 0 1
Rising edge Falling edge 0 0
No capture operation Both rising and falling edges 1 1

(2) TIO1n pin valid edge selected as capture trigger (CRCOn1 =0, CRCOn0 =1)

CROON Capture Trigger TI01n Pin Valid Edge
ES1n1 ES1n0
Falling edge Falling edge 0 0
Rising edge Rising edge 0 1
Both rising and falling edges Both rising and falling edges 1 1

Remarks 1. Setting ESOn1, ESOn0 = 1, 0 and ES1n1, ES1n0 = 1, 0 is prohibited.
2. ESOn1, ESONO: Bits 5 and 4 of prescaler mode register On (PRMOn)
ES1n1, ES1n0: Bits 7 and 6 of prescaler mode register On (PRMOn)
CRCOn1, CRCONO: Bits 1 and 0 of capture/compare control register On (CRCOn)
3. n=0: uPD78F0132H
n=0,1: uPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD

Cautions 1.

Set a value other than 0000H in CROON in the mode in which clear & start occurs on a match
of TMOn and CROON.

If CROON is cleared to 0000H in the free-running mode and in the clear mode using the valid
edge of the TIOOn pin, an interrupt request (INTTMOOn) is generated when the value of
CR0OOn changes from 0000H to 0001H following TMOn overflow (FFFFH). In addition,
INTTMOON is generated after a match between TMOn and CROONn, after detecting the valid
edge of the TI01n pin, or the timer is cleared by a one-shot trigger.

When the valid edge of the TI01n pin is used, P01 or P06 cannot be used as the timer output
pin (TOOn). When P01 or P06 is used as the TOOn pin, the valid edge of the TI01n pin
cannot be used.

When CROON is used as a capture register, read data is undefined if the register read time
and capture trigger input conflict (the capture data itself is the correct value). If a timer
count stop and a capture trigger input conflict, the captured data is undefined.

Do not rewrite CR00n during TMOn operation.
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(3) 16-bit timer capture/compare register 01n (CR01n)
CRO01n is a 16-bit register that has the functions of both a capture register and a compare register. Whether it is
used as a capture register or a compare register is set by bit 2 (CRCOn2) of capture/compare control register On
(CRCOn).

CRO01n can be set by a 16-bit memory manipulation instruction.
RESET input clears this register to 0000H.

Figure 6-5. Format of 16-Bit Timer Capture/Compare Register 01n (CR01n)

Address: FF14H, FF15H (CR010), FFB4H, FFB5H (CRO11) After reset: 0000H R/W

Symbol FF15H (CR010) FF14H (CR010)
FFB5H (CRO11) FFB4H (CRO11)

oo | [ [ T T T [ [ [ [T T T [ [ ]

e When CR01n is used as a compare register
The value set in the CRO1n is constantly compared with 16-bit timer counter On (TMOn) count value, and an
interrupt request (INTTMO1n) is generated if they match. The set value is held until CRO1n is rewritten.

e When CRO01n is used as a capture register
It is possible to select the valid edge of the TI00n pin as the capture trigger. The TI00n pin valid edge is set by
prescaler mode register On (PRMOn) (see Table 6-3).

Table 6-3. CR01n Capture Trigger and Valid Edge of TI00n Pin (CRCOn2 = 1)

CRO1n Capture Trigger TI0On Pin Valid Edge
ESOn1 ESOnO
Falling edge Falling edge 0 0
Rising edge Rising edge 0 1
Both rising and falling edges Both rising and falling edges 1 1

Remarks 1. Setting ESOn1, ESOn0 = 1, 0 is prohibited.
2. ESOn1, ESOnO: Bits 5 and 4 of prescaler mode register On (PRMOn)
CRCON2: Bit 2 of capture/compare control register On (CRCOnN)
3. n=0: 4PD78F0132H
n=0,1: uPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD

Cautions 1. If the CR01n register is cleared to 0000H, an interrupt request (INTTMO01n) is generated when
the value of CR01n changes from 0000H to 0001H following TMOn overflow (FFFFH). In
addition, INTTMO1n is generated after a match between TMOn and CR01n, after detecting the
valid edge of the TI0OOn pin, or the timer is cleared by a one-shot trigger.

2. When CRO1n is used as a capture register, read data is undefined if the register read time
and capture trigger input conflict (the capture data itself is the correct value).
If count stop input and capture trigger input conflict, the captured data is undefined.

3. CRO1n can be rewritten during TMOn operation. For details, see Caution 2 in Figure 6-20.
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6.3 Registers Controlling 16-Bit Timer/Event Counters 00 and 01
The following six registers are used to control 16-bit timer/event counters 00 and 01.

e 16-bit timer mode control register On (TMCOn)
e Capture/compare control register On (CRCOn)
o 16-bit timer output control register On (TOCOnN)
e Prescaler mode register On (PRMOn)

e Port mode register 0 (PMO)

e Port register 0 (P0)

(1) 16-bit timer mode control register On (TMCOn)
This register sets the 16-bit timer operating mode, the 16-bit timer counter On (TMOn) clear mode, and output
timing, and detects an overflow.
TMCOn can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears TMCOn to O0H.

Caution 16-bit timer counter On (TMOn) starts operation at the moment TMCOn2 and TMCOn3 are set to
values other than 0, 0 (operation stop mode), respectively. Set TMCOn2 and TMCOn3 to 0, 0 to

stop the operation.

Remark n=0: 4PD78F0132H
n=0, 1. uPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD
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Figure 6-6. Format of 16-Bit Timer Mode Control Register 00 (TMCO00)

Address FFBAH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 <0>

TMCO00| O 0 0 0  |{TMCO003TMC002[TMC001{OVF00

TMCO003 | TMC002 | TMCO001 Operating mode and clear TOO0O0 inversion timing selection Interrupt request generation
mode selection

0 0 0 Operation stop No change Not generated
0 0 1 (TMOO cleared to 0)
0 1 0 Free-running mode Match between TM0O and <When used as compare
CRO000 or match between register>
TMOO and CRO10 Generated on match between
0 1 1 Match between TM0O and TMO0O and CRO0O, or match

CRO00, match between TMoo | Petween TMOO and CRO10

and CRO10 or TI000 pin valid | <YVhen used as capture
register>

edge
Generated by inputting CR000
1 0 0 Clear & start occurs on TI000 - .
] ] capture trigger
1 0 1 pin valid edge
1 1 0 Clear & start occurs on match Match between TM0O and
between TM00 and CR000 CRO000 or match between
TMO0O0 and CR010
1 1 1 Match between TMO0O and
CR000, match between TM0O
and CRO010 or TI000 pin valid
edge
OVF00 16-bit timer counter 00 (TM0O) overflow detection
0 Overflow not detected

1 Overflow detected

Cautions 1. Timer operation must be stopped before writing to bits other than the OVF00 flag.

2. Set the valid edge of the TI000/P00 pin using prescaler mode register 00 (PRM00).

3. If any the following modes: the mode in which clear & start occurs on match between TM00
and CR000, the mode in which clear & start occurs at the TI000 pin valid edge, or free-running
mode is selected, when the set value of CR000 is FFFFH and the TM00 value changes from
FFFFH to 0000H, the OVFO0O flag is set to 1.

Remark TOO00: 16-bit timer/event counter 00 output pin
TIO00: 16-bit timer/event counter 00 input pin
TMOO: 16-bit timer counter 00
CRO000: 16-bit timer capture/compare register 000
CRO010: 16-bit timer capture/compare register 010
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Figure 6-7. Format of 16-Bit Timer Mode Control Register 01 (TMCO01)

Address FFB6H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 <0>

TMCO1| O 0 0 0 [TMCO013TMC012TMC011 OVFO1

TMCO013 | TMCO012 | TMCO11 Operating mode and clear TOO01 inversion timing selection Interrupt request generation
mode selection

0 0 0 Operation stop No change Not generated
0 0 1 (TMO1 cleared to 0)
0 1 0 Free-running mode Match between TM01 and <When used as compare
CRO001 or match between register>
TMO1 and CRO11 Generated on match between
0 1 1 Match between TMO1 and TM01 and CROO1, or match

CR001, match between TM01 | Petween TMO1 and CRO11

and CRO11 or TI001 pin valid | <WWhen used as capture
register>

edge
Generated by inputting CR001
1 0 0 Clear & start occurs on TI001 - .
. ] capture trigger
1 0 1 pin valid edge
1 1 0 Clear & start occurs on match Match between TM01 and
between TM01 and CR001 CRO001 or match between
TMO1 and CRO11
1 1 1 Match between TMO1 and
CRO001, match between TM01
and CRO011 or TI001 pin valid
edge
OVFO01 16-bit timer counter 01 (TM01) overflow detection
0 Overflow not detected
1 Overflow detected

Cautions 1. Timer operation must be stopped before writing to bits other than the OVF01 flag.

2. Set the valid edge of the TI001/P05 pin using prescaler mode register 01 (PRM01).

3. If any the following modes: the mode in which clear & start occurs on match between TM01
and CR001, the mode in which clear & start occurs at the TI001 pin valid edge, or free-running
mode is selected, when the set value of CR001 is FFFFH and the TM01 value changes from
FFFFH to 0000H, the OVFO01 flag is set to 1.

Remark TOO01: 16-bit timer/event counter 01 output pin
TIOO1: 16-bit timer/event counter 01 input pin
TMO1: 16-bit timer counter 01
CRO001: 16-bit timer capture/compare register 001
CRO011: 16-bit timer capture/compare register 011
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(2) Capture/compare control register On (CRCOn)
This register controls the operation of the 16-bit timer capture/compare registers (CR00n, CR01n).
CRCOn can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CRCOn to O0H.

Remark n=0: «PD78F0132H
n=0,1: xPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD

Figure 6-8. Format of Capture/Compare Control Register 00 (CRC00)

Address: FFBCH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CRCO00 0 0 0 0 0 CRCO002 CRCO001 CRCO000
CRCO002 CRO010 operating mode selection
0 Operates as compare register
1 Operates as capture register
CRCO001 CRO00O0 capture trigger selection
0 Captures on valid edge of TI010 pin
1 Captures on valid edge of TIO00 pin by reverse phaseM**®
CRCO000 CRO00 operating mode selection
0 Operates as compare register
1 Operates as capture register

Note The capture operation is not performed if both the rising and falling edges are specified as the valid edge of
the TI1000 pin.

Cautions 1. Timer operation must be stopped before setting CRCO00.

2. When the mode in which clear & start occurs on a match between TM00 and CRO000 is
selected with 16-bit timer mode control register 00 (TMC00), CR000 should not be specified
as a capture register.

3. To ensure that the capture operation is performed properly, the capture trigger requires a
pulse longer than two cycles of the count clock selected by prescaler mode register 00
(PRMO00).
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Figure 6-9. Format of Capture/Compare Control Register 01 (CRC01)

Address: FFB8H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CRCO1 0 0 0 0 0 CRCO012 CRCO11 CRCO010
CRCO012 CRO011 operating mode selection
0 Operates as compare register
1 Operates as capture register
CRCO11 CROO01 capture trigger selection
0 Captures on valid edge of TI011 pin
1 Captures on valid edge of TI001 pin by reverse phaseNOte
CRCO010 CRO001 operating mode selection
0 Operates as compare register
1 Operates as capture register

Note The capture operation is not performed if both the rising and falling edges are specified as the valid edge of
the T1001 pin.

Cautions 1. Timer operation must be stopped before setting CRC01.

2. When the mode in which clear & start occurs on a match between TM01 and CRO001 is
selected with 16-bit timer mode control register 01 (TMC01), CR001 should not be specified
as a capture register.

3. To ensure that the capture operation is performed properly, the capture trigger requires a
pulse longer than two cycles of the count clock selected by prescaler mode register 01
(PRMO01).

(3) 16-bit timer output control register On (TOCOn)
This register controls the operation of the 16-bit timer/event counter On output controller. It sets/resets the timer
output F/F (LVOn), enables/disables output inversion and 16-bit timer/event counter On timer output,
enables/disables the one-shot pulse output operation, and sets the one-shot pulse output trigger via software.
TOCOnN can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears TOCOn to O0H.

Remark n=0: 4PD78F0132H
n=0, 1. uPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD
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Note The one-shot pulse output mode operates correctly only in the free-running mode and the mode in which

Figure 6-10. Format of 16-Bit Timer Output Control Register 00 (TOCO00)

Address: FFBDH  After reset: 00H R/W

Symbol 7 <6> <5> 4 <3> <2> 1 <0>
TOCO00 0 OSPTO00 OSPEO0 TOCO004 LVS00 LVROO TOCO001 TOEOO

OSPT00 One-shot pulse output trigger control via software
0 No one-shot pulse output trigger
1 One-shot pulse output trigger

OSPEOO One-shot pulse output operation control
0 Successive pulse output mode
1 One-shot pulse output mode*

TOCO004 Timer output F/F control using match of CR010 and TMOO
0 Disables inversion operation
1 Enables inversion operation

LVSO00 LVR0O Timer output F/F status setting
0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited

TOCO001 Timer output F/F control using match of CR000 and TM0O
0 Disables inversion operation
1 Enables inversion operation

TOEOO Timer output control
0 Disables output (output fixed to level 0)
1 Enables output

clear & start occurs at the TI000 pin valid edge. In the mode in which clear & start occurs on a match
between the TMOO register and CR0O0O register, one-shot pulse output is not possible because an overflow

does not occur.

Cautions 1. Timer operation must be stopped before setting other than TOC004.

148

If LVS00 and LVROO are read, 0 is read.
OSPTO00 is automatically cleared after data is set, so 0 is read.
Do not set OSPTO00 to 1 other than in one-shot pulse output mode.

oo

00 (PRMO0O) is required to write to OSPT00 successively.

6. Do not set LVS00 to 1 before TOE00, and do not set LVS00 and TOEOQO to 1 simultaneously.

7. Perform <1> and <2> below in the following order, not at the same time.
<1> Set TOC001, TOC004, TOE00, OSPE00: Timer output operation setting
<2> Set LVS00, LVRO0O: Timer output F/F setting
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Figure 6-11. Format of 16-Bit Timer Output Control Register 01 (TOCO01)

Address: FFB9H After reset: 00H R/W

Symbol
TOCO01

7 <6> <5> 4 <3> <2> 1 <0>
0 OSPTO1 OSPEO1 TOCO014 LVS01 LVRO1 TOCO011 TOEO1
OSPTO1 One-shot pulse output trigger control via software
0 No one-shot pulse output trigger
1 One-shot pulse output trigger
OSPEO1 One-shot pulse output operation control
0 Successive pulse output mode
1 One-shot pulse output mode"**®
TOCO014 Timer output F/F control using match of CR011 and TMO1
0 Disables inversion operation
1 Enables inversion operation
LVSO01 LVRO1 Timer output F/F status setting
0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited
TOCO011 Timer output F/F control using match of CR001 and TMO1
0 Disables inversion operation
1 Enables inversion operation
TOEO1 Timer output control
0 Disables output (output fixed to level 0)
1 Enables output

Note The one-shot pulse output mode operates correctly only in the free-running mode and the mode in which

clear & start occurs at the TI001 pin valid edge. In the mode in which clear & start occurs on a match
between the TMO1 register and CR001 register, one-shot pulse output is not possible because an overflow
does not occur.

Cautions 1.

oD

Timer operation must be stopped before setting other than TOC014.

If LVS01 and LVRO1 are read, 0 is read.

OSPTO01 is automatically cleared after data is set, so 0 is read.

Do not set OSPTO01 to 1 other than in one-shot pulse output mode.

A write interval of two cycles or more of the count clock selected by prescaler mode register
01 (PRMO01) is required to write to OSPT01 successively.

6. Do not set LVS01 to 1 before TOEO1, and do not set LVS01 and TOEO1 to 1 simultaneously.

Perform <1> and <2> below in the following order, not at the same time.
<1> Set TOC011, TOCO014, TOE01, OSPEO1: Timer output operation setting
<2> Set LVS01, LVRO1: Timer output F/F setting
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(4) Prescaler mode register On (PRMOn)
This register is used to set the 16-bit timer counter On (TMOn) count clock and TI0On and TI01n pin input valid

edges.
PRMOn can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears PRMOn to O0H.

Remark n=0: 4PD78F0132H
n=0, 1. uPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD

Figure 6-12. Format of Prescaler Mode Register 00 (PRM00)

Address: FFBBH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PRMO00 ES101 ES100 ES001 ES000 0 0 PRMO001 PRMO000
ES101 ES100 TI010 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ES001 ES000 TIO0O0 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRM001 | PRMO000 Count clock selection"*®"
0 0 fx (10 MHz)
0 1 fx/2% (2.5 MHz)
1 0 fx/2® (39.06 kHz)
1 1 TI000 valid edge™®*?

Notes 1. Be sure to set the count clock so that the following condition is satisfied.
e Vob=4.0t05.5V: Count clock <10 MHz
e Vop=3.3104.0V: Count clock < 8.38 MHz
e Vop=2.7 to 3.3 V: Count clock <5 MHz
<R> e Vbbb =2.51t02.7 V: Count clock < 2.5 MHz (standard products, (A) grade products only)
2. The external clock requires a pulse longer than two cycles of the internal count clock (fx).
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Cautions 1.

When the internal oscillation clock is selected as the clock to be supplied to the CPU, the
clock of the internal oscillator is divided and supplied as the count clock. If the count clock
is the internal oscillation clock, the operation of 16-bit timer/event counter 00 is not
guaranteed. When an external clock is used and when the internal oscillation clock is
selected and supplied to the CPU, the operation of 16-bit timer/event counter 00 is not
guaranteed, either, because the internal oscillation clock is supplied as the sampling clock to
eliminate noise.

2. Always set data to PRMO0O after stopping the timer operation.

3. If the valid edge of the TI000 pin is to be set for the count clock, do not set the clear & start

mode using the valid edge of the TI000 pin and the capture trigger.

. If the TI0O00 or TI0O10 pin is high level immediately after system reset, the rising edge is

immediately detected after the rising edge or both the rising and falling edges are set as the
valid edge(s) of the TI0O00 pin or TI010 pin to enable the operation of 16-bit timer counter 00
(TM00). Care is therefore required when pulling up the TI000 or TI010 pin. However, if the
TI0O00 or TI0O10 pin is high level when re-enabling operation after the operation has been
stopped, the rising edge is not detected.

When the valid edge of the TI010 pin is used, P01 cannot be used as the timer output pin
(TOO00). When P01 is used as the TO00 pin, the valid edge of the TI010 pin cannot be used.

Remarks 1. fx: High-speed system clock oscillation frequency

2. Figures in parentheses are for operation with fx = 10 MHz.
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Figure 6-13. Format of Prescaler Mode Register 01 (PRMO01)

Address: FFB7H  After reset: 00H R/W

Symbol
PRMO01

Notes 1.

152

7 6 5 4 3 2 1 0
ES111 ES110 ES011 ES010 0 0 PRMO011 PRMO010
ES111 ES110 TI011 pin valid edge selection

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both falling and rising edges
ES011 ES010 TI001 pin valid edge selection

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both falling and rising edges

PRM011 | PRMO010 Count clock selection"*®"

0 0 fx (10 MHz)

0 1 fx/2* (625 kHz)

1 0 fx/2° (156.25 kHz)

1 1 TI001 valid edge™®*?

Be sure to set the count clock so that the following condition is satisfied.

Vop = 4.0 to 5.5 V: Count clock < 10 MHz

Vop = 3.3 to 4.0 V: Count clock < 8.38 MHz

Vop = 2.7 to 3.3 V: Count clock < 5 MHz

e Vbbb =2.51t0 2.7 V: Count clock < 2.5 MHz (standard products, (A) grade products only)
The external clock requires a pulse longer than two cycles of the internal count clock (fx).
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Cautions 1. When the internal oscillation clock is selected as the clock to be supplied to the CPU, the
clock of the internal oscillator is divided and supplied as the count clock. If the count clock
is the internal oscillation clock, the operation of 16-bit timer/event counter 00 is not
guaranteed. When an external clock is used and when the internal oscillation clock is
selected and supplied to the CPU, the operation of 16-bit timer/event counter 00 is not
guaranteed, either, because the internal oscillation clock is supplied as the sampling clock to
eliminate noise.

2. Always set data to PRMO01 after stopping the timer operation.

3. If the valid edge of the TI001 pin is to be set for the count clock, do not set the clear & start
mode using the valid edge of the TI001 pin and the capture trigger.

4. If the TI001 or TI011 pin is high level immediately after system reset, the rising edge is
immediately detected after the rising edge or both the rising and falling edges are set as the
valid edge(s) of the TI001 pin or TI011 pin to enable the operation of 16-bit timer counter 01
(TMO01). Care is therefore required when pulling up the TI001 or TI011 pin. However, if the
TI001 or TI0O11 pin is high level when re-enabling operation after the operation has been
stopped, the rising edge is not detected.

5. When the valid edge of the TI011 pin is used, P06 cannot be used as the timer output pin
(TOO01). When P06 is used as the TO01 pin, the valid edge of the TI011 pin cannot be used.

Remarks 1. fx: High-speed system clock oscillation frequency
2. Figures in parentheses are for operation with fx = 10 MHz.

(5) Port mode register 0 (PMO0)
This register sets port 0 input/output in 1-bit units.
When using the PO1/TO00/TI010 and P06/TO01N*/T1011N* pins for timer output, set PM01 and PM06 and the
output latch of PO1 and P06 to 0.
When using the PO1/TO00/TI010 and P06/TO01N°*®/T1011N°*® pins for timer input, set PMO1 and PM06 to 1. At
this time, the output latch of P01 and P06 may be 0 or 1.
PMO can be set by a 1-bit or 8-bit memory manipulation instruction.
@input sets PMO to FFH.

Figure 6-14. Format of Port Mode Register 0 (PMO0)

Address: FF20H Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0

PMO| 1 [PMO6|PMO5|PMO04|PM03|PM02|PMO1|PMO0

PMON POn pin I/O mode selection (n =0 to 6)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Note Available only for the xPD78F0133H, 78F0134H, 78F0136H, 78F0138H, and 78F0138HD.
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

6.4 Operation of 16-Bit Timer/Event Counters 00 and 01

6.4.1 Interval timer operation
Setting 16-bit timer mode control register On (TMCOn) and capture/compare control register On (CRCOn) as shown
in Figure 6-15 allows operation as an interval timer.

The basic operation setting procedure is as follows.

<1> Set the CRCOn register (see Figure 6-15 for the set value).

<2> Set any value to the CROOnN register.

<3> Set the count clock by using the PRMOn register.

<4> Set the TMCOn register to start the operation (see Figure 6-15 for the set value).

Caution Do not rewrite CR00On during TMOn operation.
Remark For how to enable the INTTMOOn interrupt, see CHAPTER 17 INTERRUPT FUNCTIONS.

Interrupt requests are generated repeatedly using the count value preset in 16-bit timer capture/compare register
00n (CROON) as the interval.

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

The count clock of 16-bit timer/event counter On can be selected with bits 0 and 1 (PRMOn0, PRMOn1) of prescaler
mode register On (PRMOnN).

Remark n=0: 4PD78F0132H
n=0,1: uPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

Figure 6-15. Control Register Settings for Interval Timer Operation

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

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

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

—r

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

Clears and starts on match between TMOn and CR0OON.

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

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

L CROON used as compare register

(c) Prescaler mode register On (PRMOn)

ES1nl ES1n0 ESOnl ESOn0O 3 2 PRMOn1 PRMOnO

PRMOn| O/1 | O/1 | 0/1 | 0/1 0 0 0/1 | 0/1

\ \ \ \ \_li

Selects count clock.

Setting invalid (setting “10” is prohibited.)

Setting invalid (setting “10” is prohibited.)

Remarks 1. 0/1: Setting O or 1 allows another function to be used simultaneously with the interval timer. See the
description of the respective control registers for details.
2, n=0: w4PD78F0132H
n=0,1: xPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

Figure 6-16. Interval Timer Configuration Diagram

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

INTTMOON
fx (fX)Notel ‘ ‘

/22 (fx/24)Note 8
8 (£, /oB\Note 1 2 16-bit timer counter On OVNI?SZ

fx/28 (fx/20)Note 3 (TMOn) .

Noise
TIO00/PO0 ©— i .
001/P05)Note 1 eliminator
(T1001/P05) S

? circuit

fx

Notes 1. Frequencies and pin names without parentheses are for 16-bit timer/event counter 00, and those in

parentheses are for 16-bit timer/event counter 01.
2. OVFOn is set to 1 only when 16-bit timer capture/compare register 00n is set to FFFFH.

Figure 6-17. Timing of Interval Timer Operation

1 t 1

i
1 1
Count clock i | i | | | | | | | | | | | | | | | | | | | |
1 1 1
TMon countvalue  0000H Xooo1HX || X' N Xoooor¥ooorX |\ X' N XoooorXooorX V| X N X
VAN ’ A ' A !
Timer operation enabled Cllear Cllear , E
CROON N \| N I\ N \\ N
1 1 1
INTTMOON (( I_l (( I_l (( I_
)T A )] A )T
Interrupt acknowledged Interrupt acknowledged

Remark Interval time = (N + 1) xt
N = 0001H to FFFFH (settable range)
n=0: uPD78F0132H
n=0,1. 4PD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD

156 User's Manual U16899EJ3V0OUD



CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

6.4.2 PPG output operations
Setting 16-bit timer mode control register On (TMCOn) and capture/compare control register On (CRCOn) as shown
in Figure 6-18 allows operation as PPG (Programmable Pulse Generator) output.

The basic operation setting procedure is as follows.

<1> Set the CRCOn register (see Figure 6-18 for the set value).

<2> Set any value to the CROOn register as the cycle.

<3> Set any value to the CR01n register as the duty factor.

<4> Set the TOCOn register (see Figure 6-18 for the set value).

<6> Set the count clock by using the PRMOn register.

<6> Set the TMCOn register to start the operation (see Figure 6-18 for the set value).

Caution To change the value of the duty factor (the value of the CR01n register) during operation, see
Caution 2 in Figure 6-20 PPG Output Operation Timing.

Remarks 1. For the setting of the TOOn pin, see 6.3 (5) Port mode register 0 (PMO).
2. For how to enable the INTTMOOn interrupt, sese CHAPTER 17 INTERRUPT FUNCTIONS.

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

capture/compare register 00n (CROON), respectively.

Remark n=0: xPD78F0132H
n=0,1. xPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

Figure 6-18. Control Register Settings for PPG Output Operation

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

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

TMCOn| O 0 0 0 1 1 0 0

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

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

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

CRCOn| O 0 0 0 0 0 X 0

L CROON used as compare register

CRO1n used as compare register

(c) 16-bit timer output control register On (TOCOn)

~

OSPTOn OSPEON TOCOn4 LVSONn LVROn TOCOn1 TOEON

TOCOn| O 0 0 1 0/1 | 01 1 1
L L L Enables TOON output.

Inverts output on match between TMOn and CROON.

Specifies initial value of TOOn output F/F (setting “11” is prohibited).

Inverts output on match between TMOn and CRO1n.

Disables one-shot pulse output.

(d) Prescaler mode register On (PRMOnN)

ES1nl ES1n0 ESOnl ESONO0 3 2 PRMOnl PRMOnO

PRMOn| 0/1 | O/1 | O/1 | O/1 0 0 o/1 | 0/1

L] L] \_i
Selects count clock.

Setting invalid (setting “10” is prohibited.)

Setting invalid (setting “10” is prohibited.)

Cautions 1. Values in the following range should be set in CR00n and CR01n:
0000H < CR01n < CROONn < FFFFH
2. The pulse generated through PPG output has a cycle of [CR00n setting value + 1], and a duty
of [(CR01n setting value + 1)/(CR00N setting value + 1)].

Remark x: Don’t care

n=0: wuPD78F0132H
n=0, 1. uPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

Figure 6-19. Configuration Diagram of PPG Output

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

|l

16-bit timer counter On Clear
(TMOn) circuit

fx (fx)Note —————————=

/22 (fx/2%)Note

Selector

/28 (f/2°)Mote

TI000/P0O0 Noise | |
(T1001/P0O5)Note eliminator

f

“ I

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

TOO00/TI010/P01
(TO01/T1011/P06 )

Output controller

Note Frequencies and pin names without parentheses are for 16-bit timer/event counter 00, and those in
parentheses are for 16-bit timer/event counter 01.

Figure 6-20. PPG Output Operation Timing

1 t 1
1 1
1 1

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

TMOn count value IXOOOOHXOOOlHX R X 1 .AXOOOOHX0001HX

A I
Clear X Clear
. !

CROON capture value \\ N \\

CRO1n capture value I \\ M \\

o™ I S

1
Pulse width: (M + 1) xt
1

lcycle: (N+1)xt

Cautions 1. Do not rewrite CR00n during TMOn operation.

2. In the PPG output operation, change the pulse width (rewrite CR01n) during TMOn operation
using the following procedure.
<1> Disable the timer output inversion operation by match of TMOn and CR01n (TOCOn4 = 0)
<2> Disable the INTTMO01n interrupt (TMMKO01n = 1)
<3> Rewrite CR01n
<4> Wait for 1 cycle of the TMOn count clock
<5> Enable the timer output inversion operation by match of TMOn and CR01n (TOCOn4 = 1)
<6> Clear the interrupt request flag of INTTMO01n (TMIF01n = 0)
<7> Enable the INTTMO1n interrupt (TMMKO01n = 0)

Remarks 1. 0000H <M < N < FFFFH
2. n=0: wPD78F0132H
n=0,1: xuPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

6.4.3 Pulse width measurement operations

It is possible to measure the pulse width of the signals input to the TIOOn pin and TI01n pin using 16-bit timer
counter On (TMOn).

There are two measurement methods: measuring with TMOn used in free-running mode, and measuring by
restarting the timer in synchronization with the edge of the signal input to the TI00n pin.

When an interrupt occurs, read the valid value of the capture register, check the overflow flag, and then calculate
the necessary pulse width. Clear the overflow flag after checking it.

The capture operation is not performed until the signal pulse width is sampled in the count clock cycle selected by
prescaler mode register On (PRMOn) and the valid level of the TI0OOn or TI01n pin is detected twice, thus eliminating
noise with a short pulse width.

Figure 6-21. CR01n Capture Operation with Rising Edge Specified

Count clock _| | | | | | | | | |

|
™on  f N-3 f N-2 f N-1 k ILI X N+1 )

TIOON [ A

Rising edge detection | | l

CRO1n X

|
|
N
|
INTTMO1n | |

The basic operation setting procedure is as follows.

<1> Set the CRCOn register (see Figures 6-22, 6-25, 6-27, and 6-29 for the set value).
<2> Set the count clock by using the PRMOn register.
<3> Set the TMCOn register to start the operation (see Figures 6-22, 6-25, 6-27, and 6-29 for the set value).

Caution To use two capture registers, set the TIOOn and TI01n pins.

Remarks 1. For the setting of the TI00n (or TI01n) pin, see 6.3 (5) Port mode register 0 (PMO0).
2. For how to enable the INTTMOOn (or INTTMO1n) interrupt, sce CHAPTER 17 INTERRUPT
FUNCTIONS.
3.n=0: w4PD78F0132H
n=0,1:. uPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

(1) Pulse width measurement with free-running counter and one capture register
When 16-bit timer counter On (TMOn) is operated in free-running mode, and the edge specified by prescaler mode
register On (PRMOn) is input to the TIOOn pin, the value of TMOn is taken into 16-bit timer capture/compare
register 01n (CR01n) and an external interrupt request signal (INTTMO01n) is set.
Specify both the rising and falling edges of the TIOOn pin by using bits 4 and 5 (ESOn0 and ESOn1) of PRMOn.
Sampling is performed using the count clock selected by PRMOn, and a capture operation is only performed
when a valid level of the TIOOn pin is detected twice, thus eliminating noise with a short pulse width.

Figure 6-22. Control Register Settings for Pulse Width Measurement with Free-Running Counter
and One Capture Register (When TI00On and CR01n Are Used)

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

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

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

\—‘—1— Free-running mode

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

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

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

L CROON used as compare register

CRO1n used as capture register

(c) Prescaler mode register On (PRMOn)

ES1nl ES1n0 ESOn1 ESON0 3 2 PRMOn1 PRMON0

PRMONn| 0/1 | 0/1 1 1 0 0 0/1 | 0/1

\ | \ |
Selects count clock (setting “11” is prohibited).

Specifies both edges for pulse width detection.

Setting invalid (setting “10” is prohibited.)

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with pulse width measurement.
See the description of the respective control registers for details.
n=0: wuPD78F0132H
n=0,1: xPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD
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Figure 6-23. Configuration Diagram for Pulse Width Measurement with Free-Running Counter

fx (fx)Note ——»
fx/22 (fx/24)Note —»]

/28 (fx/28)Note —»

Selector

16-bit timer counter On
(TMON)

TIOONn ©

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

OVFOn

{}
U

INTTMO1n

Internal bus

Note Frequencies without parentheses are for 16-bit timer/event counter 00, and those in parentheses are for 16-

bit timer/event counter 01.

Figure 6-24. Timing of Pulse Width Measurement Operation with Free-Running Counter

and One Capture Register (with Both Edges Specified)

| t |

-

TMOnN count value XOOOOHXOOOlHX \\X I?O XDO+ 1X \\ X I?l XD1+ 1X \\ XFFFFHXOOOOHX \\ X I?Z X \\X I?S X

TI0ON pin input

— L

| -

CRO1n capture value

)\

DO

L KXo |

S

INTTMO1n

=

L

OVFOn

((
))

(( ((
1) 1)

Note Clear OVFOn by software.

((
))

Remark n=0: «PD78F0132H

n=0,1: uPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD

162

A

(D1-DO) x t

|
|
|
|
‘ |
|
(( ‘ ((
D )T
I
I
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

(2) Measurement of two pulse widths with free-running counter

When 16-bit timer counter On (TMOn) is operated in free-running mode, it is possible to simultaneously measure
the pulse widths of the two signals input to the TI100n pin and the T101n pin.

When the edge specified by bits 4 and 5 (ESOn0 and ESOn1) of prescaler mode register On (PRMOn) is input to
the TIOON pin, the value of TMOn is taken into 16-bit timer capture/compare register 01n (CR01n) and an interrupt
request signal (INTTMO1n) is set.

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

Specify both the rising and falling edges as the edges of the TIOOn and TI01n pins, by using bits 4 and 5 (ESOn0
and ESOn1) and bits 6 and 7 (ES1n0 and ES1n1) of PRMOn.

Sampling is performed using the count clock cycle selected by prescaler mode register On (PRMOn), and a
capture operation is only performed when a valid level of the TIOOn or TIO1n pin is detected twice, thus
eliminating noise with a short pulse width.

Figure 6-25. Control Register Settings for Measurement of Two Pulse Widths with Free-Running Counter

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

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

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

—r

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

Free-running mode

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

CRCOn| O 0 0 0 0 1 0 1

L CROON used as capture register

Captures valid edge of T101n pin to CROON.

CRO1n used as capture register

(c) Prescaler mode register On (PRMOn)

ES1nl ES1n0 ESOnl ESON0 3 2 PRMOn1 PRMONn0

PRMOn| 1 1 1 1 0 0 0/1 | 0/1

\ ! \ ! \_i

Selects count clock (setting “11” is prohibited).

Specifies both edges for pulse width detection.

Specifies both edges for pulse width detection.

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with pulse width measurement.
See the description of the respective control registers for details.
n=0: uPD78F0132H
n=0,1: xPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD
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Figure 6-26. Timing of Pulse Width Measurement Operation with Free-Running Counter
(with Both Edges Specified)

| t |

-

TMOn count value XOOOOHXOOOlHX \\ X Do XDO+1X \\ X D1 XD1+1X \\ XFFFFHXOOOOHX \\X ?2 XD:2+1XD2+2X \\X DS

L

TI00N pin input

((
)]
CRO1n capture value \\ X DO \\ X D1 \\

INTTMO1n

TI01n pin input

[ (
)]
CROON capture value \\

I I I

| | |

INTTMOON (| (! | | (L ( (!
T D )T )Y D

| | )y |

OVFOn ! | |

(10000H — D1 + (D2 + 1)) x t

Note Clear OVFOn by software.

Remark n=0: «PD78F0132H
n=0, 1. uPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

(3) Pulse width measurement with free-running counter and two capture registers

When 16-bit timer counter On (TMOn) is operated in free-running mode, it is possible to measure the pulse width

of the signal input to the TI00n pin.

When the rising or falling edge specified by bits 4 and 5 (ESOn0 and ESOn1) of prescaler mode register On

(PRMOn) is input to the TIOOn pin, the value of TMOn is taken into 16-bit timer capture/compare register 01n

(CRO1n) and an interrupt request signal (INTTMO01n) is set.

Also, when the inverse edge to that of the capture operation is input into CRO1n, the value of TMOn is taken into

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

Sampling is performed using the count clock cycle selected by prescaler mode register On (PRMOn), and a

capture operation is only performed when a valid level of the TI0On pin is detected twice, thus eliminating noise

with a short pulse width.

Figure 6-27. Control Register Settings for Pulse Width Measurement with Free-Running Counter and

Two Capture Registers (with Rising Edge Specified)

TMCOn

CRCOn

PRMOn

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

Free-running mode

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn
0 0 0 0 0 1 0/1 0
(b) Capture/compare control register On (CRCOn)
7 6 5 4 3 CRCOn2 CRCOn1 CRCONO
0 0 0 0 0 1 1 1

L CROON used as capture register

Captures to CR0OnN at inverse edge
to valid edge of TI0On.

CRO1n used as capture register

(c) Prescaler mode register On (PRMON)

ES1nl ES1n0 ESOn1 ESOn0O 3 2 PRMOn1 PRMOnO

0/1

0/1 0 1 0 0 o0/1 | 0/1

! \ ! \_i

Setting invalid (setting “10” is prohibited.)

Selects count clock (setting “11” is prohibited).

Specifies rising edge for pulse width detection.

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with pulse width measurement.

See the description of the respective control registers for details.
uPD78F0132H
n=0, 1. uPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD

n=0:
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Figure 6-28. Timing of Pulse Width Measurement Operation with Free-Running Counter
and Two Capture Registers (with Rising Edge Specified)

| t |

-

T™on countvalue  Yooooooozr) || X Do Xoo+2X |\ X ?1 Xor+2X 1) YerrerooooHk | X D2 Xoz+ 1} 1\ X ?3X

TIOON pin input 3 :l : 3 S| :
\

I XY=
i |

CRO1n capture value \\ X DO \
\

CROON capture value \

((
)

I

INTTMO1n ( | |_| (

) | )
OVFOn 1

l}
' (D1-DO)xt ' (10000H — D1 + D2) x t

((
1)

&lNLteéS—‘—

(D3-D2) xt
Note Clear OVFOn by software.

(4) Pulse width measurement by means of restart
When input of a valid edge to the TI00n pin is detected, the count value of 16-bit timer counter On (TMOn) is taken
into 16-bit timer capture/compare register 01n (CR01n), and then the pulse width of the signal input to the TIOOn
pin is measured by clearing TMOn and restarting the count operation.
Either of two edges—rising or falling—can be selected using bits 4 and 5 (ESOn0 and ESOn1) of prescaler mode
register On (PRMON).
Sampling is performed using the count clock cycle selected by prescaler mode register On (PRMOn) and a
capture operation is only performed when a valid level of the TI00n pin is detected twice, thus eliminating noise
with a short pulse width.

Remark n=0: 4PD78F0132H
n=0, 1. uPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD
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Figure 6-29. Control Register Settings for Pulse Width Measurement by Means of Restart
(with Rising Edge Specified)

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

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

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

—T

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

Clears and starts at valid edge of TI0On pin.

7 6 5 4 3 CRCOn2 CRCOn1 CRCOON

CRCOn| O 0 0 0 0 1 1 1

L CROOnN used as capture register

Captures to CR0On at inverse edge to valid edge of TIOOn.

CRO1n used as capture register

(c) Prescaler mode register On (PRMOn)

ES1nl ES1n0 ESOn1 ESON0 3 2 PRMOn1 PRMON0

PRMONn| 0/1 0/1 0 1 0 0 0/1 0/1

\ ! \ ! \_i

Selects count clock (setting “11” is prohibited).

Specifies rising edge for pulse width detection.

Setting invalid (setting “10” is prohibited.)

Figure 6-30. Timing of Pulse Width Measurement Operation by Means of Restart (with Rising Edge Specified)

Count clock | | | | | | | I | | | | | I | | | I | | | | | |
TMON count value XOOOOHXOOOlHX \\X DO XOOOOHXOOOlHX D1 X \\ X D2 XOOOOHXOOOlHX
‘ ; ‘

TIOON pin input | l | | | | |

(
)

CRO1n capture value \\ XDO \\ X D2
\

CROON capture value

INTTMO1n B | |_| | B | |_|
)] )]

D2 xt
Remark n=0: 4PD78F0132H
n=0, 1. uPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD
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6.4.4 External event counter operation

The basic operation setting procedure is as follows.

<1>
<2>
<3>

<4>

Set the CRCOn register (see Figure 6-31 for the set value).

Set the count clock by using the PRMOn register.

Set any value to the CROOnN register (0000H cannot be set).

Set the TMCOn register to start the operation (see Figure 6-31 for the set value).

Remarks 1. For the setting of the TIOOn pin, see 6.3 (5) Port mode register 0 (PMO0).

2. For how to enable the INTTMOOn interrupt, see CHAPTER 17 INTERRUPT FUNCTIONS.

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

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

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

Input a value other than 0000H to CR0OON (a count operation with 1-bit pulse cannot be carried out).

Any of three edges—rising, falling, or both edges—can be selected using bits 4 and 5 (ESOn0 and ESOn1) of
prescaler mode register On (PRMOn).

Sampling is performed using the internal clock (fx) and an operation is only performed when a valid level of the
T100n pin is detected twice, thus eliminating noise with a short pulse width.
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Figure 6-31. Control Register Settings in External Event Counter Mode (with Rising Edge Specified)

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

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

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

—r—

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

Clears and starts on match between TMOn and CR0OON.

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

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

L CROON used as compare register

(c) Prescaler mode register On (PRMOn)

ES1nl ES1n0 ESOn1 ESON0 3 2 PRMOn1 PRMON0

PRMOn| 0/1 0/1 0 1 0 0 1 1

\ ! \ ! \_i

Selects external clock.

Specifies rising edge for pulse width detection.

Setting invalid (setting “10” is prohibited.)

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with the external event counter.
See the description of the respective control registers for details.
n=0: xPD78F0132H
n=0, 1: xPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD
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Figure 6-32. Configuration Diagram of External Event Counter

2 Internal bus 8

{

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

u Match

INTTMOON
ﬁ Clear

fx———={ Noise eliminator 16-bit timer counter On (TMOn) OVFQnNete

Valid edge of TIOOn pin O——
Note OVFOn is set to 1 only when CROOn is set to FFFFH.

Figure 6-33. External Event Counter Operation Timing (with Rising Edge Specified)

TIOOnpmmputIlIlIlIl||||||%(Illlllllllllll

TMOn count value  §0000HX 0001H {0002+ { 0003+ { 0004+ { 0005H X \\ In—1f N Yoooor ) 0001H)0002H f0003H |

CROON N l\\
1T

=

INTTMOON

[ (
))
Caution When reading the external event counter count value, TMOn should be read.

Remark n=0: 4PD78F0132H
n=0,1: uPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD
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6.4.5 Square-wave output operation

The basic operation setting procedure is as follows.

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

<5>

Set the count clock by using the PRMOn register.

Set the CRCOn register (see Figure 6-34 for the set value).

Set the TOCOn register (see Figure 6-34 for the set value).

Set any value to the CR0ON register (0000H cannot be set).

Set the TMCOn register to start the operation (see Figure 6-34 for the set value).

Caution Do not rewrite CR0O0On during TMOn operation.

Remarks 1. For the setting of the TOOn pin, see 6.3 (5) Port mode register 0 (PMO).

2. For how to enable the INTTMOOn interrupt, sse CHAPTER 17 INTERRUPT FUNCTIONS.

A square wave with any selected frequency can be output at intervals determined by the count value preset to 16-
bit timer capture/compare register 00n (CROON).

The TOOnN pin output status is reversed at intervals determined by the count value preset to CR00On + 1 by setting
bit 0 (TOEON) and bit 1 (TOCON1) of 16-bit timer output control register On (TOCON) to 1. This enables a square wave
with any selected frequency to be output.

TMCOn| O 0 0 0 1 1 0 0

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

Figure 6-34. Control Register Settings in Square-Wave Output Mode (1/2)

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

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

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

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

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

L CROON used as compare register
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Figure 6-34. Control Register Settings in Square-Wave Output Mode (2/2)

(c) 16-bit timer output control register On (TOCOn)

7  OSPTOn OSPEOn TOCOn4 LVSOn LVROn TOCOn1 TOEOn

Tocon| o | o | O | O |01 |01 1 1
L | L |

L Enables TOOnN output.

Inverts output on match between TMOn and CROON.

Specifies initial value of TOOn output F/F (setting “11” is prohibited).

Does not invert output on match between TMOn and CRO1n.

Disables one-shot pulse output.

(d) Prescaler mode register On (PRMOnN)

ES1nl ESIn0 ESOnl ESOn0 3 2 PRMOn1 PRMON0

PRMOn| 0/1 | O0/1 | O/1 | O/1 0 0 0/1 | 0/1

\ \ \ \ \_li

Selects count clock.

Setting invalid (setting “10” is prohibited.)

Setting invalid (setting “10” is prohibited.)

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with square-wave output. See the
description of the respective control registers for details.
n=0: wuPD78F0132H

n=0,1: uPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD

Figure 6-35. Square-Wave Output Operation Timing

Countclockllllllll ||||I||||||| Illllll

TMOn count value  }0000HX 0001H) 0002H { \\ Xn—1X N YooooHY0001H fooo2H f \\  Xn-1X N ) oooon

‘ ‘ j

CROON N \\

|
INTTMOOR [

TOON pin output J

L&l

Remark n=0: 4PD78F0132H
n=0,1: uPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD
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6.4.6 One-shot pulse output operation

16-bit timer/event counter On can output a one-shot pulse in synchronization with a software trigger or an external
trigger (T100n pin input).

The basic operation setting procedure is as follows.

<1> Set the count clock by using the PRMOn register.

<2> Setthe CRCOn register (see Figures 6-36 and 6-38 for the set value).

<3> Set the TOCOn register (see Figures 6-36 and 6-38 for the set value).

<4> Set any value to the CR0On and CRO1n registers (0000H cannot be set).

<6> Set the TMCOn register to start the operation (see Figures 6-36 and 6-38 for the set value).

Remarks 1. For the setting of the TOOnN pin, see 6.3 (5) Port mode register 0 (PMO).
2. For how to enable the INTTMOOn (if necessary, INTTMO1n) interrupt, see CHAPTER 17
INTERRUPT FUNCTIONS.

(1) One-shot pulse output with software trigger
A one-shot pulse can be output from the TOOn pin by setting 16-bit timer mode control register On (TMCOn),
capture/compare control register On (CRCOn), and 16-bit timer output control register On (TOCOn) as shown in
Figure 6-36, and by setting bit 6 (OSPTOn) of the TOCOn register to 1 by software.
By setting the OSPTOn bit to 1, 16-bit timer/event counter On is cleared and started, and its output becomes
active at the count value (N) set in advance to 16-bit timer capture/compare register 01n (CR01n). After that, the
output becomes inactive at the count value (M) set in advance to 16-bit timer capture/compare register 00n
(CROON)N°*e,
Even after the one-shot pulse has been output, the TMOn register continues its operation. To stop the TMOn
register, the TMCOn3 and TMCOnN2 bits of the TMCOn register must be set to 00.

Note The case where N < M is described here. When N > M, the output becomes active with the CROOnN register
and inactive with the CR01n register. Do not set N to M.

Cautions 1. Do not set the OSPTOn bit to 1 while the one-shot pulse is being output. To output the one-
shot pulse again, wait until the current one-shot pulse output is completed.
2. When using the one-shot pulse output of 16-bit timer/event counter On with a software
trigger, do not change the level of the TI0OOn pin or its alternate-function port pin.
Because the external trigger is valid even in this case, the timer is cleared and started even
at the level of the TIOOn pin or its alternate-function port pin, resulting in the output of a
pulse at an undesired timing.

Remark n=0: 4PD78F0132H
n=0,1: uPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD
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Figure 6-36. Control Register Settings for One-Shot Pulse Output with Software Trigger

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

7 6 5 4 TMCOn3 TMCOn2 TMCOnl1 OVFOn
TMCOn | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 0 ‘ 0 |

Free-running mode

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

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO
CRCOnlO‘O‘O‘O‘O‘O‘O/l‘Ol

B

CROON as compare register

CRO1n as compare register

(c) 16-bit timer output control register On (TOCOn)

7 OSPTOn OSPEOn TOCOR4 LVSOn LVROn TOCOnl TOEON
TOCOnlO‘O‘l‘l‘O/l‘O/l‘ 1‘1|

Enables TOOn output.

—— Inverts output upon match
between TMOn and CROON.

Specifies initial value of
TOON output F/F (setting “11” is prohibited.)

Inverts output upon match
between TMOn and CRO1n.

Sets one-shot pulse output mode.

Set to 1 for output.

(d) Prescaler mode register On (PRMOn)

ES1nl ESIn0 ESOnl1  ESONnO 3 2 PRMOn1 PRMONO

PRMOnl on ‘ 01 ‘ o1 ‘ on ‘ 0 ‘ 0 ‘ on ‘ 0/1|

L L Li

Selects count clock.

Setting invalid
(setting “10” is prohibited.)
Setting invalid
(setting “10” is prohibited.)

Caution Do not set the CR00n and CR01n registers to 0000H.

Remark n=0: «PD78F0132H
n=0,1: xPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD
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Figure 6-37. Timing of One-Shot Pulse Output Operation with Software Trigger

Set TMCOn to 04H
(TMOnN count starts)

Count clock

TMOnN count  0000H X0001H) X ~ XN+ 1) Yoooo) IN-1) N ) IM—1 ™M Jm+1fm+2f

CRO1n set value N " N N

N
CROOnN set value M M M M

OSPTON " . f

INTTMO1n

INTTMOON

TOON pin output

Caution 16-bit timer counter On starts operating as soon as a value other than 00 (operation stop mode) is
set to the TMCOn3 and TMCON2 bits.

Remark N <M

(2) One-shot pulse output with external trigger
A one-shot pulse can be output from the TOOn pin by setting 16-bit timer mode control register On (TMCOn),
capture/compare control register On (CRCOn), and 16-bit timer output control register On (TOCOn) as shown in
Figure 6-38, and by using the valid edge of the TI00n pin as an external trigger.
The valid edge of the TIOOn pin is specified by bits 4 and 5 (ESOn0, ESOn1) of prescaler mode register On
(PRMOnN). The rising, falling, or both the rising and falling edges can be specified.
When the valid edge of the TI0On pin is detected, the 16-bit timer/event counter is cleared and started, and the
output becomes active at the count value set in advance to 16-bit timer capture/compare register 01n (CR01n).
After that, the output becomes inactive at the count value set in advance to 16-bit timer capture/compare register
00n (CROON)N°*®.

Note The case where N < M is described here. When N > M, the output becomes active with the CROOn register
and inactive with the CRO1n register. Do not set N to M.

Caution Even if the external trigger is generated again while the one-shot pulse is output, it is ignored.

Remark n=0: 4PD78F0132H
n=0,1: xPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD
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Figure 6-38. Control Register Settings for One-Shot Pulse Output with External Trigger
(with Rising Edge Specified)

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

7 6 5 4 TMCOn3 TMCOn2 TMCOnl OVFOn
TMCOn | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 0 |
Clears and starts at
valid edge of TIOOn pin.
(b) Capture/compare control register On (CRCOn)
7 6 5 4 3 CRCOn2 CRCOnl1 CRCONO
creon| o | o | o | o | o [ o | on | o |
L CROON used as compare register
CRO1n used as compare register
(c) 16-bit timer output control register On (TOCOn)
7 OSPTOn OSPEOn TOCONn4 LVSOn LVROn TOCOnl1 TOEONn
TOCONn | 0 ‘ 0 ‘ 1 ‘ 1 ‘ 0/1 ‘ 0/1 ‘ 1 ‘ 1 |
L Enables TOOn output.
Inverts output upon match
between TMOn and CR0OON.
Specifies initial value of
TOON output F/F (setting “11” is prohibited.)
Inverts output upon match
between TMOn and CRO1n.
Sets one-shot pulse output mode.
(d) Prescaler mode register On (PRMOn)
ES1nl ES1n0 ESOnl  ESONnO 3 2 PRMOn1 PRMONO
PRMON | 0/1 ‘ 0/1 ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

Selects count clock
(setting “11” is prohibited).

Specifies the rising edge
for pulse width detection.

Setting invalid
(setting “10” is prohibited.)

Caution Do not set the CR00n and CR01n registers to 0000H.

Remark n=0: 4PD78F0132H
n=0,1: uPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD
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Figure 6-39. Timing of One-Shot Pulse Output Operation with External Trigger (with Rising Edge Specified)

When TMCOn is set to 08H
(TMOn count starts)

-t

Count clock I | I | I I | I

TMOn count value 0000H {0001HY ZKOOOOHX X N YN+ 2N+ 2f IM-—2fm—1f M fm+1fm + 2

( ‘ ( ‘
T

(

CRO1n set value N " N " N " N

CROON set value M ‘ M ‘ M I\‘/I
TIOON pin input . _L‘ "
INTTMO1n : : :
INTTMOON . . .
TOON pin output ) ) K

Caution 16-bit timer counter On starts operating as soon as a value other than 00 (operation stop mode) is
set to the TMCOn3 and TMCON2 bits.

Remark N <M

n=0: uPD78F0132H
n=0, 1. uPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD
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6.5

(1)

(2

@)

4

()

178

Cautions for 16-Bit Timer/Event Counters 00 and 01
Timer start errors
An error of up to one clock may occur in the time required for a match signal to be generated after timer start.
This is because 16-bit timer counter On (TMOn) is started asynchronously to the count clock.
Figure 6-40. Start Timing of 16-Bit Timer Counter On (TMOn)

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

TMON count value 0000H X 0001H X 0002H X 0003H X 0004H

Timer start

16-bit timer capture/compare register 00n setting

In the mode in which clear & start occurs on a match between TMOn and CROOn, set 16-bit timer
capture/compare register 00n (CROON) to other than 0000H. This means a 1-pulse count operation cannot be
performed when 16-bit timer/event counter On is used as an external event counter.

Capture register data retention timing
The values of 16-bit timer capture/compare registers 00n and 01n (CR00On and CR0O1n) are not guaranteed after
16-bit timer/event counter On has been stopped.

Valid edge setting

Set the valid edge of the TI00n pin after setting bits 2 and 3 (TMCOn2 and TMCOn3) of 16-bit timer mode control
register On (TMCOn) to 0, O, respectively, and then stopping timer operation. The valid edge is set using bits 4
and 5 (ESOn0 and ESOn1) of prescaler mode register On (PRMOn).

Re-triggering one-shot pulse

(@) One-shot pulse output by software
When a one-shot pulse is output, do not set the OSPTOn bit to 1. Do not output the one-shot pulse again
until INTTMOOnN, which occurs upon a match with the CROOn register, or INTTMO1n, which occurs upon a
match with the CRO1n register, occurs.

(b) One-shot pulse output with external trigger
If the external trigger occurs again while a one-shot pulse is output, it is ignored.

(c) One-shot pulse output function
When using the one-shot pulse output of 16-bit timer/event counter On with a software trigger, do not change
the level of the TIOON pin or its alternate function port pin.
Because the external trigger is valid even in this case, the timer is cleared and started even at the level of the
TI0ON pin or its alternate function port pin, resulting in the output of a pulse at an undesired timing.

Remark n=0: 4PD78F0132H
n=0,1: uPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD
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(6) Operation of OVFOn flag
<1> The OFVOn flag is also set to 1 in the following case.

When any of the following modes is selected: the mode in which clear & start occurs on a match between
TMOn and CROOnN, the mode in which clear & start occurs at the TI00n valid edge, or the free-running mode
\2
CROOn is set to FFFFH
d
TMOn is counted up from FFFFH to 0000H.

Figure 6-41. Operation Timing of OVFOn Flag

Count clock _l | | | | | | | | I_

CROON FFFFH

|
T™Mon  FFFEH X FFFFH X 0000H X 0001H X

OVFOn |
1
|

INTTMOON [ ]

<2> Even if the OVFOn flag is cleared before the next count clock is counted (before TMOn becomes 0001H)
after the occurrence of TMOn overflow, the OVFOn flag is re-set newly so this clear is not valid.

(7) Conflicting operations
When a read period of the 16-bit timer capture/compare register (CR0O0On/CR01n) and a capture trigger input
(CR0OON/CRO1n used as capture register) conflict, the priority is given to the capture trigger input. The data read
from CROON/CRO1n is undefined.

Figure 6-42. Capture Register Data Retention Timing

Count clock J | | | | | | I_“J |_| |_| |_
TMoncountvalue X N X N+1 X N+2 X \\ X M X m+1 Xm+2

Edge input | (SJ
)
INTTMO1n | | X | |

Capture read signal

|
CRO1n capture value X | X !
C T a _ T 2
Capture Capture, but
read value is

not guaranteed

Remark n=0: xPD78F0132H
n=0, 1. uPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD
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(8) Timer operation

9)

<1>

<2>

<3>

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

Regardless of the CPU’s operation mode, when the timer stops, the input signals to the TIOOn/TI01n pins
are not acknowledged.

The one-shot pulse output mode operates correctly only in the free-running mode and the mode in which
clear & start occurs at the TI0OOn valid edge. In the mode in which clear & start occurs on a match between
the TMOn register and CR0OON register, one-shot pulse output is not possible because an overflow does not
occur.

Capture operation

<1>

<2>

<3>

If the TIOONn pin valid edge is specified as the count clock, a capture operation by the capture register
specified as the trigger for the TIOOn pin is not possible.

To ensure the reliability of the capture operation, the capture trigger requires a pulse longer than two cycles
of the count clock selected by prescaler mode register On (PRMOn).

The capture operation is performed at the falling edge of the count clock. An interrupt request input
(INTTMOON/INTTMO1n), however, is generated at the rise of the next count clock.

(10) Compare operation

A capture operation may not be performed for CROOn/CR01n set in compare mode even if a capture trigger has

been input.

(11) Edge detection

180

<1>

<2>

If the TIOOn or TIO1n pin is high level immediately after system reset and the rising edge or both the rising
and falling edges are specified as the valid edge of the TI00n or T101n pin to enable the 16-bit timer counter
On (TMOn) operation, a rising edge is detected immediately after the operation is enabled. Be careful
therefore when pulling up the TI00n or TIO1n pin. However, if the TIOOn or TI01n pin is high level when re-
enabling operation after the operation has been stopped, the rising edge is not detected.

The sampling clock used to remove noise differs when the T100n pin valid edge is used as the count clock
and when it is used as a capture trigger. In the former case, the count clock is fx, and in the latter case the
count clock is selected by prescaler mode register On (PRMOn). The capture operation is started only after
a valid edge is detected twice by sampling, thus eliminating noise with a short pulse width.

Remark n=0: 4PD78F0132H
n=0, 1. uPD78F0133H, 78F0134H, 78F0136H, 78F0138H, 78F0138HD
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7.1 Functions of 8-Bit Timer/Event Counters 50 and 51

8-bit timer/event counters 50 and 51 have the following functions.

e |Interval timer

e External event counter

e Square-wave output

o PWM output

Figures 7-1 and 7-2 show the block diagrams of 8-bit timer/event counters 50 and 51.

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

Internal bus 2

i

8-bit timer compare
register 50 (CR50, 5 Selector INTTM50
FLMD1/P17 ©—= Match | S Note 1 To TMHO
b —=1 o 2 [ ! To UARTO
f%zz —1 g = S 4 = To UART6
25— 2 | [ebitimer OVF jpan= D 1% 3
fj28 — @ || counter 50 (TM50) o © TOS0/TISO/
f/213 - R %) FLMD1/P17
Clear Note 2 Output latch PM17
(P17)
3 |, | Invert
R level
Selemi
—— -
[rcLso2lreLsolreLsod] [TCE50|TMC506 |LVS50|LVR50TMC501 [TOE50)
Timer clock selection 8-bit timer mode control
register 50 (TCL50) register 50 (TMC50)
Internal bus 2

Notes 1. Timer output F/F
2. PWM output F/F

User's Manual U16899EJ3VOUD 181



CHAPTER 7 8-BIT TIMER/EVENT COUNTERS 50 AND 51

Figure 7-2. Block Diagram of 8-Bit Timer/Event Counter 51

2 Internal bus

8-bit timer compare
register 51 (CR51) : INTTM51
TI51/TO51/P33/INTP4 ©— Match ‘ Note 1
fx — — ¥
fx/2 —

4
b | _[e-bittimer OVF T~ ©

/28 ——= counter 51 (TM51)

Mask circuit

Selector

Selector

/212 —=
Note 2
3 S || Invert
R level
Setecor}——— T
)y

|TCE51 [TMC516 |LVS51] LVR51 [TMC511 [TOE51|

Timer clock selection 8-bit timer mode control
register 51 (TCL51) register 51 (TMC51)

Clear _

Output latch
(P33)

PM33

TOS51/TI51/
P33/INTP4

2 Internal bus

Notes 1. Timer output F/F
2. PWM output F/F
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7.2 Configuration of 8-Bit Timer/Event Counters 50 and 51
8-bit timer/event counters 50 and 51 include the following hardware.

Table 7-1. Configuration of 8-Bit Timer/Event Counters 50 and 51

Iltem Configuration

Timer register 8-bit timer counter 5n (TM5n)

Register 8-bit timer compare register 5n (CR5n)

Timer input TI5n

Timer output TO5n

Control registers Timer clock selection register 5n (TCL5n)
8-bit timer mode control register 5n (TMC5n)
Port mode register 1 (PM1) or port mode register 3 (PM3)
Port register 1 (P1) or port register 3 (P3)

(1) 8-bit timer counter 5n (TM5n)
TMb5n is an 8-bit register that counts the count pulses and is read-only.
The counter is incremented in synchronization with the rising edge of the count clock.

Figure 7-3. Format of 8-Bit Timer Counter 5n (TM5n)

Address: FF16H (TM50), FF1FH (TM51) After reset: O0H R

Symbol 7 6 5 4 3 2 1

TMEn | | | | | | | |

(n=0,1)

In the following situations, the count value is cleared to O0H.
<1> RESET input
<2> When TCED5n is cleared

<3> When TM5n and CR5n match in the mode in which clear & start occurs upon a match of the TM5n and

CRbSnN.

Remark n=0, 1
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(2) 8-bit timer compare register 5n (CR5n)
CR5n can be read and written by an 8-bit memory manipulation instruction.
Except in PWM mode, the value set in CR5n is constantly compared with the 8-bit timer counter 5n (TM5n) count
value, and an interrupt request (INTTM5n) is generated if they match.
In PWM mode, when the TO5n pin becomes active due to a TM5n overflow and the values of TM5n and CR5n
match, the TO5n pin becomes inactive.
The value of CR5n can be set within 00H to FFH.
RESET input clears CR5n to 00H.

Figure 7-4. Format of 8-Bit Timer Compare Register 5n (CR5n)

Address: FF17H (CR50), FF41H (CR51) After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0

ew [T T T T T T T

Cautions 1. In the mode in which clear & start occurs on a match of TM5n and CR5n (TMC5n6 = 0), do
not write other values to CR5n during operation.
2. In PWM mode, make the CR5n rewrite interval 3 count clocks of the count clock (clock
selected by TCL5n) or more.

Remark n=0,1
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CHAPTER 7 8-BIT TIMER/EVENT COUNTERS 50 AND 51

7.3 Registers Controlling 8-Bit Timer/Event Counters 50 and 51

The following four registers are used to control 8-bit timer/event counters 50 and 51.

o Timer clock selection register 5n (TCL5n)

e 8-bit timer mode control register 5n (TMC5n)

e Port mode register 1 (PM1) or port mode register 3 (PM3)
o Port register 1 (P1) or port register 3 (P3)

(1) Timer clock selection register 5n (TCL5n)

This register sets the count clock of 8-bit timer/event counter 5n and the valid edge of the TI5n pin input.

TCL5n can be set by an 8-bit memory manipulation instruction.
RESET input clears TCL5n to 00H.

Remark n=0, 1

Figure 7-5. Format of Timer Clock Selection Register 50 (TCL50)

Address: FF6AH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
TCL50 0 0 0 0 0 TCL502 TCL501 TCL500
TCL502 TCL501 TCL500 Count clock selection™*®

0 0 0 TI50 pin falling edge

0 0 1 TI50 pin rising edge

0 1 0 fx (10 MHz)

0 1 1 fx/2 (5 MHz)

1 0 0 fx/2% (2.5 MHz)

1 0 1 fx/2° (156.25 kHz)

1 1 0 fx/2® (39.06 kHz)

1 1 1 fx/i2"® (1.22 kHz)

Note Be sure to set the count clock so that the following condition is satisfied.

<R>

Vop = 4.0 to 5.5 V: Count clock < 10 MHz

Vop = 3.3 to 4.0 V: Count clock < 8.38 MHz

Vop = 2.7 to 3.3 V: Count clock <5 MHz

Vop = 2.5 to 2.7 V: Count clock < 2.5 MHz (standard products, (A) grade products only)

Cautions 1. When the internal oscillation clock is selected as the clock to be supplied to the CPU, the

clock of the internal oscillator is divided and supplied as the count clock. If the count clock
is the internal oscillation clock, the operation of 8-bit timer/event counter 50 is not
guaranteed.

2. When rewriting TCL50 to other data, stop the timer operation beforehand.

3. Be sure to clear bits 3 to 7 to 0.

Remarks 1. fx: High-speed system clock oscillation frequency

2. Figures in parentheses apply to operation at fx = 10 MHz.
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Figure 7-6. Format of Timer Clock Selection Register 51 (TCL51)

Address: FF8CH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
TCL51 0 0 0 0 0 TCL512 TCL511 TCL510
TCL512 TCL511 TCL510 Count clock selection™**
0 0 0 TI51 falling edge
0 0 1 TI51 rising edge
0 1 0 fx (10 MHz)
0 1 1 fx/2 (5 MHz)
1 0 0 fx/2* (625 kHz)
1 0 1 fx/2° (156.25 kHz)
1 1 0 fx/2® (39.06 kHz)
1 1 1 fx/2'? (2.44 kHz)
Note Be sure to set the count clock so that the following condition is satisfied.
e Vob=4.0t05.5V: Count clock <10 MHz
e Vop=3.31t04.0V: Count clock < 8.38 MHz
e Vbb=2.7 to 3.3 V: Count clock <5 MHz
<R> e Vob =2.51t02.7 V: Count clock < 2.5 MHz (standard products, (A) grade products only)

Cautions 1. When the internal oscillation clock is selected as the clock to be supplied to the CPU, the

clock of the internal oscillator is divided and supplied as the count clock. If the count clock

is the internal oscillation clock, the operation of 8-bit timer/event counter 51 is not

guaranteed.
2. When rewriting TCL51 to other data, stop the timer operation beforehand.
3. Be sure to clear bits 3 to 7 to 0.

Remarks 1. fx: High-speed system clock oscillation frequency
2. Figures in parentheses apply to operation at fx = 10 MHz.
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(2) 8-bit timer mode control register 5n (TMC5n)
TMCb5n is a register that performs the following five types of settings.

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

<5>

8-bit timer counter 5n (TM5n) count operation control
8-bit timer counter 5n (TM5n) operating mode selection
Timer output F/F (flip flop) status setting

Active level selection in timer F/F control or PWM (free-running) mode.

Timer output control

TMC5n can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Remark n=0,1

Address: FF6BH

Figure 7-7. Format of 8-Bit Timer Mode Control Register 50 (TMC50)

After reset: 00H  R/WN°*®

Symbol <7> 6 5 4 <3> <2> 1 <0>
TMC50 TCE50 TMC506 0 0 LVS50 LVR50 TMC501 TOES50

TCES50 TMS50 count operation control
0 After clearing to 0, count operation disabled (counter stopped)
1 Count operation start

TMC506 TM50 operating mode selection
0 Mode in which clear & start occurs on a match between TM50 and CR50
1 PWM (free-running) mode

LVS50 LVR50 Timer output F/F status setting

0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited

TMC501 In other modes (TMC506 = 0) In PWM mode (TMC506 = 1)

Timer F/F control Active level selection
0 Inversion operation disabled Active-high
1 Inversion operation enabled Active-low
TOES0 Timer output control

0 Output disabled (TM50 output is low level)
1 Output enabled

Note Bits 2 and 3 are write-only.

(Refer to Cautions and Remarks on the next page.)
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Figure 7-8. Format of 8-Bit Timer Mode Control Register 51 (TMC51)

Address: FF43H  Afterreset: 00H R/W"°*

Symbol <7> 6 5 4 <3> <2> 1 <0>
TMC51 TCE51 TMC516 0 0 LVS51 LVR51 TMC511 TOE51

TCE51 TM51 count operation control
0 After clearing to 0, count operation disabled (counter stopped)
1 Count operation start

TMC516 TM51 operating mode selection
0 Mode in which clear & start occurs on a match between TM51 and CR51
1 PWM (free-running) mode

LVS51 LVR51 Timer output F/F status setting

0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited

TMC511 In other modes (TMC516 = 0) In PWM mode (TMC516 = 1)

Timer F/F control Active level selection
0 Inversion operation disabled Active-high
1 Inversion operation enabled Active-low
TOE51 Timer output control

0 Output disabled (TM51 output is low level)
1 Output enabled

Note Bits 2 and 3 are write-only.

Cautions 1. The settings of LVS5n and LVR5n are valid in other than PWM mode.
2. Perform <1> to <4> below in the following order, not at the same time.
<1> Set TMC5n1, TMC5n6: Operation mode setting
<2> Set TOE5n to enable output: Timer output enable
<3> Set LVS5n, LVR5n (see Caution 1): Timer F/F setting
<4> Set TCE5n
3. Stop operation before rewriting TMC5n6.

Remarks 1. In PWM mode, PWM output is made inactive by clearing TCE5n to 0.
2. If LVS5n and LVR5n are read, the value is 0.
3. The values of the TMC5n6, LVS5n, LVR5n, TMC5n1, and TOE5n bits are reflected at the TO5n pin
regardless of the value of TCE5n.
4. n=0,1
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(3) Port mode registers 1 and 3 (PM1, PM3)
These registers set port 1 and 3 input/output in 1-bit units.

When using the P17/TO50/TI50/FLMD1 and P33/TO51/TI51/INTP4 pins for timer output, clear PM17 and PM33
and the output latches of P17 and P33 to 0.

When using the P17/TO50/TI50/FLMD1 and P33/TO51/TI51/INTP4 pins for timer input, set PM17 and PM33 to 1.
The output latches of P17 and P33 at this time may be 0 or 1.

PM1 and PM3 can be set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets these registers to FFH.

Figure 7-9. Format of Port Mode Register 1 (PM1)

Address: FF21H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM1 | PM17 | PM16 | PM15 | PM14 | PM13 | PM12 | PM11 | PM10 |
PM1n P1n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Figure 7-10. Format of Port Mode Register 3 (PM3)

Address: FF23H Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM3 | 1 | 1 | 1 | 1 | PM33 | PM32 | PM31 | PM30 |
PM3n P3n pin I/O mode selection (n =0 to 3)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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7.4 Operations of 8-Bit Timer/Event Counters 50 and 51

7.4.1 Operation as interval timer

8-bit timer/event counter 5n operates as an interval timer that generates interrupt requests repeatedly at intervals
of the count value preset to 8-bit timer compare register 5n (CR5n).

When the count value of 8-bit timer counter 5n (TM5n) matches the value set to CR5n, counting continues with the
TM5n value cleared to 0 and an interrupt request signal (INTTM5n) is generated.

The count clock of TM5n can be selected with bits 0 to 2 (TCL5n0 to TCL5n2) of timer clock selection register 5n
(TCL5n).

<1> Set the registers.
e TCL5n: Select the count clock.
e CR5n: Compare value
e TMC5n: Stop the count operation, select the mode in which clear & start occurs on a match of TM5n
and CR5n.
(TMC5n = 0000xxx0B x = Don’t care)
<2> After TCE5n = 1 is set, the count operation starts.
<3> If the values of TM5n and CR5n match, INTTMb5n is generated (TM5n is cleared to 00H).
<4> INTTMb5n is generated repeatedly at the same interval.
Set TCESn to 0 to stop the count operation.

Caution Do not write other values to CR5n during operation.
Figure 7-11. Interval Timer Operation Timing (1/2)

(a) Basic operation

ot

1 1 1
TMsn countvalue __ 00H Xo1HX X N XooHYoiHX X N XoonXoiHX X N X
~ A A '
Count start Cllear Cllear E
CR5n N o N o N o N

e u u —

A
Interrupt acknowledged

Interrupt acknowledged

Interval time Interval time

Remark Interval time = (N + 1) x t

N =01H to FEH
n=0,1
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Figure 7-11. Interval Timer Operation Timing (2/2)

(b) When CR5n = 00H

L !
1 1
1 1
Count clock | | | | | | | | | | | |
1 1 1 1 1 1
TM5n 00H ' 00H 1 O0H ! | | |
CR5N OOH | OOH

TCE5n|
INTTMS5n ||||||||||||

1 1
-
1 1

Interval time

(c) When CR5n = FFH

[
1 1
Count clock | | | | L I | I | I | | | I | L I | I | I | | | I |
1 1
TMSn [oa [ [FE]FFJoo ] [ FE [ FF [ 00 |
1 1
CRSnN FF - FF - FF

TCESN |
INTTMS5n [] [ ]

A A
Interrupt acknowledged Interrupt

1
1
' acknowledged
1

Interval time

Remark n=0, 1

User's Manual U16899EJ3VOUD 191



CHAPTER 7 8-BIT TIMER/EVENT COUNTERS 50 AND 51

7.4.2 Operation as external event counter

The external event counter counts the number of external clock pulses to be input to the TI5n pin by 8-bit timer
counter 5n (TM5n).

TMb5n is incremented each time the valid edge specified by timer clock selection register 5n (TCL5n) is input.
Either the rising or falling edge can be selected.

When the TM5n count value matches the value of 8-bit timer compare register 5n (CR5n), TM5n is cleared to 0
and an interrupt request signal (INTTM5n) is generated.

Whenever the TM5n value matches the value of CR5n, INTTM5n is generated.

<1> Set each register.
e Set the port mode register (PM17 or PM33)¥°* to 1.
e TCL5n: Select TI5n pin input edge.
TI5n pin falling edge — TCL5n = 00H
T15n pin rising edge — TCL5n = 01H
e CR5n: Compare value
e TMC5n: Stop the count operation, select the mode in which clear & start occurs on match of TM5n and
CRb5n, disable the timer F/F inversion operation, disable timer output.
(TMC5n = 0000xx00B x = Don'’t care)
<2> When TCE5n = 1 is set, the number of pulses input from the TI5n pin is counted.
<3> When the values of TM5n and CR5n match, INTTMb5n is generated (TM5n is cleared to 00H).
<4> After these settings, INTTMb5n is generated each time the values of TM5n and CR5n match.

Note 8-bit timer/event counter 50: PM17
8-bit timer/event counter 51: PM33

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

e [T L T L L

|
Count start 3
— |

TMn count value X 00H X 01H X 02H  03H {04 XosHX  XN-1X N _XooH Xo1H X o2H X 03H X
|

CR5n N
|

INTTM5n []

Remark N =00H to FFH
n=0,1
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7.4.3 Square-wave output operation

A square wave with any selected frequency is output at intervals determined by the value preset to 8-bit timer
compare register 5n (CR5n).

The TO5n pin output status is inverted at intervals determined by the count value preset to CR5n by setting bit 0
(TOE5N) of 8-bit timer mode control register 5n (TMC5n) to 1. This enables a square wave with any selected
frequency to be output (duty = 50%).

<1> Set each register.

Clear the port output latch (P17 or P33)"* and port mode register (PM17 or PM33)V* to 0.
TCL5n: Select the count clock.

CR5n: Compare value

TMCb5n: Stop the count operation, select the mode in which clear & start occurs on a match of TM5n and

CR5n.
LVS5n | LVR5n Timer Output F/F Status Setting
1 0 High-level output
0 1 Low-level output

Timer output F/F inversion enabled
Timer output enabled
(TMC5n = 00001011B or 00000111B)

<2> After TCE5n = 1 is set, the count operation starts.
<3> The timer output F/F is inverted by a match of TM5n and CR5n. After INTTM5n is generated, TM5n is
cleared to O0H.
<4> After these settings, the timer output F/F is inverted at the same interval and a square wave is output from
TO5nN.
The frequency is as follows.
Frequency = 1/2t (N + 1)
(N: OOH to FFH)

Note 8-bit timer/event counter 50: P17, PM17
8-bit timer/event counter 51: P33, PM33

Caution Do not write other values to CR5n during operation.

Remark n=0,1
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Figure 7-13. Square-Wave Output Operation Timing

ot

o]
Count clock | | | | I | I | I | I | I | I | I | I | I | I | I
| |
1 1
T™sn countvalue _ 00HJotHJo2HY ~~~ n-1 N Yoo Yoir Yoz Yn-1] N Yoo

/\ I I
Count start ! !
1 1

CR5n N | |

1
|
TOBNNete L [ |_

Note The initial value of TO5n output can be set by bits 2 and 3 (LVR5n, LVS5n) of 8-bit timer mode control
register 5n (TMC5n).

7.4.4 PWM output operation

8-bit timer/event counter 5n operates as a PWM output when bit 6 (TMC5n6) of 8-bit timer mode control register 5n
(TMC5n) is setto 1.

The duty pulse determined by the value set to 8-bit timer compare register 5n (CR5n) is output from TO5n.

Set the active level width of the PWM pulse to CR5n; the active level can be selected with bit 1 (TMC5n1) of
TMC5n.

The count clock can be selected with bits 0 to 2 (TCL5n0 to TCL5n2) of timer clock selection register 5n (TCL5n).

PWM output can be enabled/disabled with bit 0 (TOE5n) of TMC5n.

Caution In PWM mode, make the CR5n rewrite interval 3 count clocks of the count clock (clock selected
by TCL5n) or more.

Remark n=0,1
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(1) PWM output basic operation

<1> Set each register.
e Clear the port output latch (P17 or P33)N°*® and port mode register (PM17 or PM33)°*® to 0.
e TCL5n: Select the count clock.
e CR5n: Compare value
o TMC5n: Stop the count operation, select PWM mode.
The timer output F/F is not changed.

TMC5n1 Active Level Selection

0 Active-high

1 Active-low

Timer output enabled
(TMC5n = 01000001B or 01000011B)

<2> The count operation starts when TCE5n = 1.
Clear TCE5n to 0 to stop the count operation.

Note 8-bit timer/event counter 50: P17, PM17
8-bit timer/event counter 51: P33, PM33

[ PWM output operation |

<1> PWM output (output from TO5n) outputs an inactive level until an overflow occurs.
<2> When an overflow occurs, the active level is output. The active level is output untii CR5n matches the
count value of 8-bit timer counter 5n (TM5n).
<3> After the CR5n matches the count value, the inactive level is output until an overflow occurs again.
<4> Operations <2> and <3> are repeated until the count operation stops.
<5> When the count operation is stopped with TCE5n = 0, PWM output becomes inactive.
For details of timing, see Figures 7-14 and 7-15.
The cycle, active-level width, and duty are as follows.
e Cycle = 2%
o Active-level width = Nt
e Duty = N/2®
(N = 00H to FFH)

Remark n=0,1
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Figure 7-14. PWM Output Operation Timing

(a) Basic operation (active level = H)

Count clock |||| |||||||||| |||||| |||||||||| ||||||
TMb5n OOH|01H| |FFH|OOH|01H|02H| | N |N+1| |FFH|OOH|01H|02H| |M| 00H
1
1

CRb5N N . . . .

1 1 1 1 1 1
TCE5n __| | | | | | I

fi 1 1 1 1 1 1
1 1 1 1 1 1 1
INTTM5n __! . [ ' . L [ : . :
1 1 1 1 1 1 1

| I i — | 1 -

TO5n . | | .. —'_
<1> * * * <5>
<2> Active level <3> Inactive level Active level

(b) CR5n =00H
| t 1
Count clock |||| |||||||||| |||||| |||||||||| ||||||
TM5n 00H|01H| |FFH|00H|01H|02H| | N |N+1|N+ | |FFH|00H|01H|02H| : |M|00H

CR5n 00H - - . —
: 1 1
TCESn _| ! : ||
1 1 I
INTTMSn ___ - [ - - |_I !
Tosn L | .. ! .. - ' —
4 4
Inactive level Inactive level

(c) CR5n =FFH

TM5n __00H | 01H |FFH|00H|01H|02H| | N |N+1|N+2| |FFH|00H|01H|02H| |M|00H
1
1

CRb5N FFH . . . .
T T T T T T
1 1 1 1 1 1
TCE5n o X o o T R
— | ; I |
1 1 1
INTTM5n | i M ! . . I . |
: 1 1 1 1 1 :
TOSN ! : [ L]
1
t ' ot .
Inactive level Active level Active level Inactive level
Inactive level

Remarks 1. <1> to <3> and <5> in Figure 7-14 (a) correspond to <1> to <3> and <5> in | PWM output operation | in
7.4.4 (1) PWM output basic operation.
2.n=0,1
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(2) Operation with CR5n changed
Figure 7-15. Timing of Operation with CR5n Changed

(a) CR5n value is changed from N to M before clock rising edge of FFH
— Value is transferred to CR5n at overflow immediately after change.

|t|

Count clock ||||||||||||||||||||||||||||||||||||||||||||||||||||
TM5n_| N |N+1|N+2| FFH| 00H ] 01H | 02H |M|M+1|M+2| |FFH|00H|01H|02H| |M|M+1|M+2|
1

1

1
CRSn N_ A : m : : : :
1 1 1 1 1 1 1 1
TCE5n H | | | | | | | |
INTTMS5n ! ! M - | M ! |
1 1 1 1 1 1 1
Tosn ™| | I f i i |'

f L<2>

<1> CR5n change (N - M)

(b) CR5n value is changed from N to M after clock rising edge of FFH
— Value is transferred to CR5n at second overflow.

Lt

]

countlock _ {7 {7 MMM LML ML ML L L L L L L L UL
1 : 1 1 1 1 1
TM5n TN _IN+IIN+2] .. _JFFRT00RTomH]0A] 1. [N IN+Z[N+2] . TFFH]O0RJOIRJOPH] .. T M IM+1]M+2]
I T T T T T T
| 1 1 1 1 1 1
CR5n IN T X IN T X IM T
1 1 1 1 1 1 1
TCE5n~ H . | | | | | |
INTTM5n . T X ! M ! !
1 1 1 1 1 1 1
Tosn T | | f 1 I f 1
<1> CR5n change (N — M) <2>

Caution When reading from CR5n between <1> and <2> in Figure 7-15, the value read differs from the
actual value (read value: M, actual value of CR5n: N).
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7.5 Cautions for 8-Bit Timer/Event Counters 50 and 51

(1) Timer start error
An error of up to one clock may occur in the time required for a match signal to be generated after timer start

This is because 8-bit timer counters 50 and 51 (TM50, TM51) are started asynchronously to the count clock.

Figure 7-16. 8-Bit Timer Counter 5n Start Timing

Count clock | | | | | | | |

TM5n count value 00H X o0tH X 02H X 03H X 04H

Timer start

Remark n=0,1

198 User's Manual U16899EJ3V0OUD



CHAPTER 8 8-BIT TIMERS HO AND H1

8.1 Functions of 8-Bit Timers HO and H1
8-bit timers HO and H1 have the following functions.
e |Interval timer
e PWM output mode
e Square-wave output
o Carrier generator mode (8-bit timer H1 only)
8.2 Configuration of 8-Bit Timers HO and H1

8-bit timers HO and H1 include the following hardware.

Table 8-1. Configuration of 8-Bit Timers HO and H1

ltem Configuration
Timer register 8-bit timer counter Hn
Registers 8-bit timer H compare register On (CMPOn)
8-bit timer H compare register 1n (CMP1n)
Timer output TOHN
Control registers 8-bit timer H mode register n (TMHMDn)

8-bit timer H carrier control register 1 (TMCYC1)"°®
Port mode register 1 (PM1)
Port register 1 (P1)

Note 8-bit timer H1 only

Remark n=0, 1

Figures 8-1 and 8-2 show the block diagrams.
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Figure 8-1. Block Diagram of 8-Bit Timer HO
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Figure 8-2. Block Diagram of 8-Bit Timer H1

Internal bus 8
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(1) 8-bit timer H compare register On (CMPOn)
This register can be read or written by an 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 8-3. Format of 8-Bit Timer H Compare Register On (CMPOn)
Address: FF18H (CMPO00), FF1AH (CMP01) After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ewn ™ T 1 T [ [ 1 T ]

Caution CMPON cannot be rewritten during timer count operation.

(2) 8-bit timer H compare register 1n (CMP1n)
This register can be read or written by an 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 8-4. Format of 8-Bit Timer H Compare Register 1n (CMP1n)
Address: FF19H (CMP10), FF1BH (CMP11) After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ewn [T [ T [ [ T T ]

CMP1n can be rewritten during timer count operation.

An interrupt request signal (INTTMHn) is generated if the timer count values and CMP1n match after setting
CMP1n in carrier generator mode. The timer count value is cleared at the same time. If the CMP1n value is rewritten
during timer operation, transferring is performed at the timing at which the count value and CMP1n value match. If the
transfer timing and writing from CPU to CMP1n conflict, transfer is not performed.

Caution In the PWM output mode and carrier generator mode, be sure to set CMP1n when starting the
timer count operation (TMHEnN = 1) after the timer count operation was stopped (TMHEnN = 0) (be

sure to set again even if setting the same value to CMP1n).

Remark n=0,1
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8.3 Registers Controlling 8-Bit Timers HO and H1

The following four registers are used to control 8-bit timers HO and H1.

8-bit timer H mode register n (TMHMDn)

8-bit timer H carrier control register 1 (TMCYC1)"°t
Port mode register 1 (PM1)

Port register 1 (P1)

Note 8-bit timer H1 only
(1) 8-bit timer H mode register n (TMHMDn)
This register controls the mode of timer H.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.

RESET input clears this register to 00H.

Remark n=0,1
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Notes 1.

204

Figure 8-5. Format of 8-Bit Timer H Mode Register 0 (TMHMDO)

Address: FF69H  After reset: 00H R/W

<7> 6 5 4 3 2 <1> <0>
TMHMDO | TMHEO | CKs02 | CKs01 | cKS00 | TMMDO1|TMMDOO | TOLEVO | TOENO |

TMHEO Timer operation enable
0 Stops timer count operation (counter is cleared to 0)
1 Enables timer count operation (count operation started by inputting clock)

CKS02 | CKS01 | CKS00 Count clock (fent) selection™'®?
0 0 0 fx (10 MHz)
0 0 1 fx/2 (5 MHz)
0 1 0 fx/22 (2.5 MHz)
0 1 1 fx/26  (156.25 kHz)
1 0 0 fx/21°  (9.77 kHz)
1 0 1 TM50 output™©te2
Other than above Setting prohibited

TMMDO1| TMMDOO Timer operation mode
0 0 Interval timer mode
1 0 PWM output mode

Other than above | Setting prohibited

TOLEVO Timer output level control (in default mode)
0 Low level
1 High level

TOENO Timer output control
0 Disables output
1 Enables output

Be sure to set the count clock so that the following condition is satisfied.

e Vop=4.0to 5.5 V: Count clock < 10 MHz

e Vbob=3.31t04.0V: Count clock < 8.38 MHz

e Vop=2.7 to 3.3 V: Count clock <5 MHz

e Vop=2.5102.7 V: Count clock < 2.5 MHz (standard products, (A) grade products only)

Note the following points when selecting the TM50 output as the count clock.

o PWM mode (TMC506 = 1)

Start the operation of 8-bit timer/event counter 50 first and then set the count clock to make the duty
= 50%.

e Mode in which the count clock is cleared and started upon a match of TM50 and CR50 (TMC506 = 0)
Start the operation of 8-bit timer/event counter 50 first and then enable the timer F/F inversion
operation (TMC501 = 1).

It is not necessary to enable the TO50 pin as a timer output pin in any mode.
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Cautions 1. When the internal oscillation clock is selected as the clock to be supplied to the CPU, the
clock of the internal oscillator is divided and supplied as the count clock. If the count clock
is the internal oscillation clock, the operation of 8-bit timer HO is not guaranteed.

2. When TMHEO = 1, setting the other bits of TMHMDO is prohibited.

3. In the PWM output mode, be sure to set 8-bit timer H compare register 10 (CMP10) when
starting the timer count operation (TMHEO = 1) after the timer count operation was stopped
(TMHEDO = 0) (be sure to set again even if setting the same value to CMP10).

Remarks 1. fx: High-speed system clock oscillation frequency
2. Figures in parentheses apply to operation at fx = 10 MHz
3. TMC506: Bit 6 of 8-bit timer mode control register 50 (TMC50)
TMC501: Bit 1 of TMC50
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Figure 8-6. Format of 8-Bit Timer H Mode Register 1 (TMHMD1)

Address: FF6CH  After reset: 0O0OH R/W

<7> 6 5 4 3 2 <1> <0>
TMHMD1 | TMHEL | CKS12 | CKS11 | CKS10 | TMMD11|TMMD10| TOLEVI | TOENT |

TMHE1 Timer operation enable
0 Stops timer count operation (counter is cleared to 0)
1 Enables timer count operation (count operation started by inputting clock)

CKS12 | CKS11 | CKS10 Count clock (fent) selection™'®
0 0 0 fx (10 MHz)
0 0 1 fx/22 (2.5 MHz)
0 1 0 fx/2* (625 kHz)
0 1 1 /2% (156.25 kHz)
1 0 0 /21?2 (2.44 kHz)
1 0 1 fri2”  (1.88 kHz (TYP.))

Other than above Setting prohibited

TMMD11| TMMD10 Timer operation mode
0 0 Interval timer mode
0 1 Carrier generator mode
1 0 PWM output mode

Other than above | Setting prohibited

TOLEV1 Timer output level control (in default mode)
0 Low level
1 High level

TOEN1 Timer output control
0 Disables output
1 Enables output

Note Be sure to set the count clock so that the following condition is satisfied.
e Vop=4.01to 5.5 V: Count clock < 10 MHz
e Vbob=3.31t04.0V: Count clock < 8.38 MHz
e Vpp=2.7 to 3.3 V: Count clock <5 MHz
<R> e Vob =2.5t0 2.7 V: Count clock < 2.5 MHz (standard products, (A) grade products only)
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Cautions 1. When the internal oscillation clock is selected as the clock to be supplied to the CPU, the

clock of the internal oscillator is divided and supplied as the count clock. If the count clock

is the internal oscillation clock, the operation of 8-bit timer H1 is not guaranteed (except
when CKS12, CKS11, CKS10 =1, 0, 1 (fr/2"))
2. When TMHE1 = 1, setting the other bits of TMHMD1 is prohibited.
3. In the PWM output mode and carrier generator mode, be sure to set 8-bit timer H compare
register 11 (CMP11) when starting the timer count operation (TMHE1 = 1) after the timer count
operation was stopped (TMHE1 = 0) (be sure to set again even if setting the same value to

CMP11).

4. When the carrier generator mode is used, set so that the count clock frequency of TMH1
becomes more than 6 times the count clock frequency of TM51.

Remarks 1. fx: High-speed system clock oscillation frequency

2. fr: Internal oscillation clock oscillation frequency

3. Figures in parentheses apply to operation at fx = 10 MHz, fr = 240 kHz (TYP.).

(2) 8-bit timer H carrier control register 1 (TMCYC1)

This register controls the remote control output and carrier pulse output status of 8-bit timer H1.

This register can be set by a 1-bit or 8-bit memory manipulation instruction.

RESET input clears this register to 00H.

Figure 8-7. Format of 8-Bit Timer H Carrier Control Register 1 (TMCYC1)

Address: FF6DH  After reset: 00H  R/wW"°t®

7 5 4 3 2 1
TMCYcl [ o 0 o | o | o [ rvct|[nNrze1| NRz1 |

RMC1 NRzZB1 Remote control output

0 0 Low-level output

0 1 High-level output

1 0 Low-level output

1 1 Carrier pulse output
NRZ1 Carrier pulse output status flag

0 Carrier output disabled status (low-level status)

1 Carrier output enabled status

(RMCL1 = 1: Carrier pulse output, RMC1 = 0: High-level status)

Note Bit 0 is read-only.

User's Manual U16899EJ3VOUD

207



CHAPTER 8 8-BIT TIMERS HO AND H1

(3) Port mode register 1 (PM1)
This register sets port 1 input/output in 1-bit units.
When using the P15/TOHO and P16/TOH1/INTP5 pins for timer output, clear PM15 and PM16 and the output
latches of P15 and P16 to 0.
PM1 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to FFH.

Figure 8-8. Format of Port Mode Register 1 (PM1)

Address: FF21H  Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM1 | PM17 ’ PM16 ’ PM15 ’ PM14 ’ PM13 ’ PM12 ’ PM11 ’ PM10 |
PM1n P1n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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8.4 Operation of 8-Bit Timers H0 and H1

8.4.1 Operation as interval timer/square-wave output

When 8-bit timer counter Hn and compare register On (CMPOn) match, an interrupt request signal (INTTMHn) is
generated and 8-bit timer counter Hn is cleared to O0H.

Compare register 1n (CMP1n) is not used in interval timer mode. Since a match of 8-bit timer counter Hn and the
CMP1n register is not detected even if the CMP1n register is set, timer output is not affected.

By setting bit 0 (TOENN) of timer H mode register n (TMHMDn) to 1, a square wave of any frequency (duty = 50%)
is output from TOHnN.

(1) Usage
Generates the INTTMHn signal repeatedly at the same interval.

<1> Set each register.
Figure 8-9. Register Setting During Interval Timer/Square-Wave Output Operation

(i) Setting timer H mode register n (TMHMDn)

TMHEn CKSn2 CKSnl CKSnO TMMDnl TMMDnO TOLEVn TOENnN

TMHMDnl 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

L Timer output setting

Timer output level inversion setting

Interval timer mode setting

Count clock (fent) selection

Count operation stopped

(ii) CMPOnN register setting
e Compare value (N)

<2> Count operation starts when TMHEn = 1.

<3> When the values of 8-bit timer counter Hn and the CMPOn register match, the INTTMHn signal is generated
and 8-bit timer counter Hn is cleared to O0H.

Interval time = (N +1)/fcnt

<4> Subsequently, the INTTMHn signal is generated at the same interval. To stop the count operation, clear
TMHERN to 0.

Remark n=0,1
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(2

8-bit

<

<2>

<3>

Timing chart
The timing of the interval timer/square-wave output operation is shown below.

Figure 8-10. Timing of Interval Timer/Square-Wave Output Operation (1/2)

(a) Basic operation

Count clock |||| ||||||||<||||||

Count start

EEEEESE

timer counter Hn OOHX 01H X ( X N X OOHX 01H X {

X N

> T

00H 00H

Clear

CMPONn N

INTTMHnN

L

h

]

] Interval time

<

'
'
'
'
'
'
'
'
|
T T
'
'
'
'
'
'
'
'
|

TOHN

<1> <2>
Level inversion,
match interrupt occurrence,
8-bit timer counter Hn clear

!

<2> <3>

Level inversion,

match interrupt occurrence,
8-bit timer counter Hn clear

1> The count operation is enabled by setting the TMHERN bit to 1. The count clock starts counting no more than

1 clock after the operation is enabled.

is cleared, the TOHnN output level is inverted, and the INTTMHn signal is output.
The INTTMHn signal and TOHn output become inactive by clearing the TMHERN bit to 0 during timer Hn

operation. If these are inactive from the first, the level is retained.

Remark n=0,1
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N =01H to FEH

User's Manual U16899EJ3VOUD

When the values of 8-bit timer counter Hn and the CMPOn register match, the value of 8-bit timer counter Hn



CHAPTER 8 8-BIT TIMERS HO AND H1

Figure 8-10. Timing of Interval Timer/Square-Wave Output Operation (2/2)

(b) Operation when CMPOn = FFH

Count clock ||||g<||||||||g<||||||

Count start

ooH X 01H X X Fer X FFHAX 00H X X FEH X FRH X OOHX:

. Clear

FFH

8-bit timer counter Hn

CMPON

B B EEE T By Py,

TMHEn J
INTTMHN I_l |_|_

TOHN |

Interval time

(c) Operation when CMPOn = 00H

Count clock ||||||||||||||||||||||

Cou'nt start :

x
8-bit timer counter Hn E O0H
CMPON E : : OOH

TMHER J |_

INTTMHnN I E |_

(I N S N I S B O

' '
L
' '

Interval time

Remark n=0,1
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8.4.2 Operation as PWM output mode

In PWM output mode, a pulse with an arbitrary duty and arbitrary cycle can be output.

8-bit timer compare register On (CMPOn) controls the cycle of timer output (TOHnN). Rewriting the CMPOn register
during timer operation is prohibited.

8-bit timer compare register 1n (CMP1n) controls the duty of timer output (TOHn). Rewriting the CMP1n register
during timer operation is possible.

The operation in PWM output mode is as follows.

TOHN output becomes active and 8-bit timer counter Hn is cleared to 0 when 8-bit timer counter Hn and the
CMPOnN register match after the timer count is started. TOHn output becomes inactive when 8-bit timer counter Hn
and the CMP1n register match.

(1) Usage
In PWM output mode, a pulse for which an arbitrary duty and arbitrary cycle can be set is output.

<1> Set each register.

Figure 8-11. Register Setting in PWM Output Mode

(i) Setting timer H mode register n (TMHMDn)

TMHEn  CKSn2 CKSnl CKSn0O TMMDnl TMMDnO TOLEVn TOENnN

TMHMDnl 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 ‘ 1 ‘ 0 ‘ 0/1 ‘ 1 |

| | L] L

Timer output enabled

Timer output level inversion setting

PWM output mode selection

Count clock (fent) selection

Count operation stopped

(ii) Setting CMPOnN register
e Compare value (N): Cycle setting

(iii) Setting CMP1n register
e Compare value (M): Duty setting

Remarks 1. n=0,1
2. 00H < CMP1n (M) < CMPOn (N) < FFH
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<2>

<3>

<4>

<5>

<6>

The count operation starts when TMHER = 1.

The CMPOn register is the compare register that is to be compared first after the count operation is
enabled. When the values of 8-bit timer counter Hn and the CMPOn register match, 8-bit timer counter Hn
is cleared, an interrupt request signal (INTTMHn) is generated, and TOHn output becomes active. At the
same time, the compare register to be compared with 8-bit timer counter Hn is changed from the CMPOn
register to the CMP1n register.

When 8-bit timer counter Hn and the CMP1n register match, TOHn output becomes inactive and the
compare register to be compared with 8-bit timer counter Hn is changed from the CMP1n register to the
CMPOn register. At this time, 8-bit timer counter Hn is not cleared and the INTTMHn signal is not
generated.

By performing procedures <3> and <4> repeatedly, a pulse with an arbitrary duty can be obtained.

To stop the count operation, set TMHEnN = 0.

If the setting value of the CMPOn register is N, the setting value of the CMP1n register is M, and the count clock

frequency is fcnt, the PWM pulse output cycle and duty are as follows.

PWM pulse output cycle = (N + 1)/fent
Duty = Active width : Total width of PWM = (M + 1) : (N + 1)

Cautions 1. In PWM output mode, three operation clocks (signal selected using the CKSn2 to CKSn0

bits of the TMHMDn register) are required to transfer the CMP1n register value after
rewriting the register.

2. Be sure to set the CMP1n register when starting the timer count operation (TMHEnN = 1) after
the timer count operation was stopped (TMHEn = 0) (be sure to set again even if setting the
same value to the CMP1n register).

Remark n=0, 1
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(2) Timing chart
The operation timing in PWM output mode is shown below.

Caution Make sure that the CMP1n register setting value (M) and CMPOn register setting value (N) are
within the following range.
00H < CMP1n (M) < CMPOn (N) < FFH

Figure 8-12. Operation Timing in PWM Output Mode (1/4)

(a) Basic operation

8-bit timer counter Hn ~ 00H ' @ @ I 00H

CMPON A5H

CMP1n 01H

INTTMHn I | E I | E |_|

TOHn | ' ' ' ' I—l
(TOLEVn =0) __t " . ) ‘
<1> 1<2> 1<3> H H | <4>

TOHn ' ' R ' ' R |_|
(TOLEVn = 1) |_| |_|

<1> The count operation is enabled by setting the TMHER bit to 1. Start 8-bit timer counter Hn by masking one

count clock to count up. At this time, TOHn output remains inactive (when TOLEVn = 0).

<2> When the values of 8-bit timer counter Hn and the CMPOn register match, the TOHn output level is inverted,
the value of 8-bit timer counter Hn is cleared, and the INTTMHn signal is output.

<3> When the values of 8-bit timer counter Hn and the CMP1n register match, the level of the TOHn output is
returned. At this time, the 8-bit timer counter value is not cleared and the INTTMHn signal is not output.

<4> Clearing the TMHER bit to 0 during timer Hn operation makes the INTTMHn signal and TOHn output inactive.

Remark n=0,1
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Figure 8-12. Operation Timing in PWM Output Mode (2/4)

= 00H

(b) Operation when CMPOn = FFH, CMP1n

RN N O N RS N R

Count clock | | | |

).( 0OH

D@

)

00H @

8-bit timer counter Hn

FFH

CMPON

O0H

(

CMP1n

TOHN

INTTMHn
(TOLEVn = 0)

(c) Operation when CMPOn = FFH, CMP1n = FEH

JuyuU Jyuud UL

) D 00H

00H @

8-bit timer counter Hn

FFH

CMPON

FEH

CMP1n

INTTMHnN

(TOLEVn = 0)

Remark n=0,1
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Figure 8-12. Operation Timing in PWM Output Mode (3/4)

01H, CMP1n = 00H

(d) Operation when CMPOn

Count clock

01H

CMPON

00H

CMP1n

TMHEN

INTTMHnN

(TOLEVn = 0)

Remark n=0,1
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Figure 8-12. Operation Timing in PWM Output Mode (4/4)

(e) Operation by changing CMP1n (CMP1n = 01H — 03H, CMPOn = A5H)

Count clock |||| “||||||I||||||||||||||I||I||I

R
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<6>
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CMPON A5H
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TMHER J |

—

L
L

TOHN | | !
(TOLEVN = 0) T &

<1> <3> <4> <5> <6>

INTTMHnN

ll

The count operation is enabled by setting TMHEn = 1. Start 8-bit timer counter Hn by masking one count
clock to count up. At this time, the TOHn output remains inactive (when TOLEVn = 0).

The CMP1n register value can be changed during timer counter operation. This operation is asynchronous
to the count clock.

When the values of 8-bit timer counter Hn and the CMPOn register match, the value of 8-bit timer counter Hn
is cleared, the TOHnN output becomes active, and the INTTMHn signal is output.

If the CMP1n register value is changed, the value is latched and not transferred to the register. When the
values of 8-bit timer counter Hn and the CMP1n register before the change match, the value is transferred to
the CMP1n register and the CMP1n register value is changed (<2>’).

However, three count clocks or more are required from when the CMP1n register value is changed to when
the value is transferred to the register. If a match signal is generated within three count clocks, the changed
value cannot be transferred to the register.

When the values of 8-bit timer counter Hn and the CMP1n register after the change match, the TOHn output
becomes inactive. 8-bit timer counter Hn is not cleared and the INTTMHn signal is not generated.

Clearing the TMHERN bit to 0 during timer Hn operation makes the INTTMHn signal and TOHn output inactive.

Remark n=0,1
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8.4.3 Carrier generator mode operation (8-bit timer H1 only)

T

he carrier clock generated by 8-bit timer H1 is output in the cycle set by 8-bit timer/event counter 51.

In carrier generator mode, the output of the 8-bit timer H1 carrier pulse is controlled by 8-bit timer/event counter 51,

and

(1)

()

218

the carrier pulse is output from the TOH1 output.

Carrier generation

In carrier generator mode, 8-bit timer H compare register 01 (CMP01) generates a low-level width carrier pulse
waveform and 8-bit timer H compare register 11 (CMP11) generates a high-level width carrier pulse waveform.
Rewriting the CMP11 register during 8-bit timer H1 operation is possible but rewriting the CMPO01 register is
prohibited.

Carrier output control
Carrier output is controlled by the interrupt request signal (INTTM51) of 8-bit timer/event counter 51 and the
NRZB1 and RMC1 bits of the 8-bit timer H carrier control register (TMCYC1). The relationship between the
outputs is shown below.

RMC1 Bit NRZB1 Bit Output
0 0 Low-level output
0 1 High-level output
1 0 Low-level output
1 1 Carrier pulse output
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To control the carrier pulse output during a count operation, the NRZ1 and NRZB1 bits of the TMCYC1 register
have a master and slave bit configuration. The NRZ1 bit is read-only but the NRZB1 bit can be read and written.
The INTTM51 signal is synchronized with the 8-bit timer H1 count clock and output as the INTTM5H1 signal. The
INTTM5H1 signal becomes the data transfer signal of the NRZ1 bit, and the NRZB1 bit value is transferred to the
NRZ1 bit. The timing for transfer from the NRZB1 bit to the NRZ1 bit is as shown below.

Figure 8-13. Transfer Timing

TMHEL _|

RSN I I T I I I N
count clock . . . .

INTTM51 _,_'_FI I I_
INTTM5H1 |_| |_|

<1>
NRZ1 0 X 1 X 0
//<2> /
NRZB1 1 X 0 X 1

RMC1 _I

<1> The INTTM51 signal is synchronized with the count clock of 8-bit timer H1 and is output as the INTTM5H1
signal.

<2> The value of the NRZB1 bit is transferred to the NRZ1 bit at the second clock from the rising edge of the
INTTM5H1 signal.

Cautions 1. Do not rewrite the NRZB1 bit again until at least the second clock after it has been rewritten,
or else the transfer from the NRZB1 bit to the NRZ1 bit is not guaranteed.
2. When 8-bit timer/event counter 51 is used in the carrier generator mode, an interrupt is
generated at the timing of <1>. When 8-bit timer/event counter 51 is used in a mode other
than the carrier generator mode, the timing of the interrupt generation differs.
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(3) Usage
Outputs an arbitrary carrier clock from the TOH1 pin.

TMHMD1 |

220

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

<9O>

Set each register.

Figure 8-14. Register Setting in Carrier Generator Mode

(i) Setting 8-bit timer H mode register 1 (TMHMD1)

TMHE1 CKS12 CKS11 CKS10 TMMD11 TMMD10 TOLEV1 TOEN1

0‘0/1‘0/1‘0/1‘0‘1‘0/1‘1|

| | L] L

Timer output enabled

Timer output level inversion setting

Carrier generator mode selection

Count clock (fent) selection

Count operation stopped

(ii) CMPO1 register setting
e Compare value

(iii) CMP11 register setting
e Compare value

(iv) TMCYC1 register setting
¢ RMC1 =1 ... Remote control output enable bit
e NRZB1 = 0/1 ... Carrier output enable bit

(v) TCL51 and TMC51 register setting
o See 7.3 Registers Controlling 8-Bit Timer/Event Counters 50 and 51.

When TMHE1 = 1, 8-bit timer H1 starts counting.

When TCE51 of 8-bit timer mode control register 51 (TMC51) is set to 1, 8-bit timer/event counter 51 starts
counting.

After the count operation is enabled, the first compare register to be compared is the CMPO01 register.
When the count value of 8-bit timer counter H1 and the CMPO1 register value match, the INTTMH1 signal
is generated, 8-bit timer counter H1 is cleared, and at the same time, the compare register to be compared
with 8-bit timer counter H1 is switched from the CMPO01 register to the CMP11 register.

When the count value of 8-bit timer counter H1 and the CMP11 register value match, the INTTMH1 signal
is generated, 8-bit timer counter H1 is cleared, and at the same time, the compare register to be compared
with 8-bit timer counter H1 is switched from the CMP11 register to the CMPO01 register.

By performing procedures <4> and <5> repeatedly, a carrier clock is generated.

The INTTM51 signal is synchronized with count clock of 8-bit timer H1 and output as the INTTM5H1 signal.
The INTTM5H1 signal becomes the data transfer signal for the NRZB1 bit, and the NRZB1 bit value is
transferred to the NRZ1 bit.

When the NRZ1 bit is high level, a carrier clock is output from the TOH1 pin.

By performing the procedures above, an arbitrary carrier clock is obtained. To stop the count operation,
clear TMHE1 to 0.
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CHAPTER 8 8-BIT TIMERS HO AND H1

If the setting value of the CMPO1 register is N, the setting value of the CMP11 register is M, and the count clock
frequency is fcnt, the carrier clock output cycle and duty are as follows.

Carrier clock output cycle = (N + M + 2)/fent
Duty = High-level width : Carrier clock output width=(M+ 1) : (N+ M + 2)

Cautions 1. Be sure to set the CMP11 register when starting the timer count operation (TMHE1 = 1) after
the timer count operation was stopped (TMHE1 = 0) (be sure to set again even if setting the
same value to the CMP11 register).

2. Set so that the count clock frequency of TMH1 becomes more than 6 times the count clock
frequency of TM51.

(4) Timing chart
The carrier output control timing is shown below.

Cautions 1. Set the values of the CMP01 and CMP11 registers in a range of 01H to FFH.

2. In the carrier generator mode, three operating clocks (signal selected by CKS12 to CKS10
bits of TMHMD1 register) or more are required from when the CMP11 register value is
changed to when the value is transferred to the register.

3. Be sure to set the RMC1 bit before the count operation is started.
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Figure 8-15. Carrier Generator Mode Operation Timing (1/3)

(a) Operation when CMP01 =N, CMP11 =N
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Carrier clock _wmmmmmmmm
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When TMHE1 = 0 and TCE51 = 0, 8-bit timer counter H1 operation is stopped.

When TMHE1 = 1 is set, 8-bit timer counter H1 starts a count operation. At that time, the carrier clock is held
at the inactive level.

When the count value of 8-bit timer counter H1 matches the CMPO1 register value, the first INTTMH1 signal
is generated, the carrier clock signal is inverted, and the compare register to be compared with 8-bit timer
counter H1 is switched from the CMPO1 register to the CMP11 register. 8-bit timer counter H1 is cleared to
OOH.

When the count value of 8-bit timer counter H1 matches the CMP11 register value, the INTTMH1 signal is
generated, the carrier clock signal is inverted, and the compare register to be compared with 8-bit timer
counter H1 is switched from the CMP11 register to the CMPO01 register. 8-bit timer counter H1 is cleared to
00H. By performing procedures <3> and <4> repeatedly, a carrier clock with duty fixed to 50% is generated.
When the INTTM51 signal is generated, it is synchronized with 8-bit timer H1 count clock and output as the
INTTM5H1 signal.

The INTTM5H1 signal becomes the data transfer signal for the NRZB1 bit, and the NRZB1 bit value is
transferred to the NRZ1 bit.

When NRZ1 = 0 is set, the TOH1 output becomes low level.
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Figure 8-15. Carrier Generator Mode Operation Timing (2/3)

(b) Operation when CMP01 =N, CMP11=M
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When TMHE1 = 0 and TCE51 = 0, 8-bit timer counter H1 operation is stopped.

When TMHE1 = 1 is set, 8-bit timer counter H1 starts a count operation. At that time, the carrier clock is held
at the inactive level.

When the count value of 8-bit timer counter H1 matches the CMPO01 register value, the first INTTMH1 signal
is generated, the carrier clock signal is inverted, and the compare register to be compared with 8-bit timer
counter H1 is switched from the CMPO1 register to the CMP11 register. 8-bit timer counter H1 is cleared to
OOH.

When the count value of 8-bit timer counter H1 matches the CMP11 register value, the INTTMH1 signal is
generated, the carrier clock signal is inverted, and the compare register to be compared with 8-bit timer
counter H1 is switched from the CMP11 register to the CMPO1 register. 8-bit timer counter H1 is cleared to
00H. By performing procedures <3> and <4> repeatedly, a carrier clock with duty fixed to other than 50% is
generated.

When the INTTM51 signal is generated, it is synchronized with 8-bit timer H1 count clock and output as the
INTTM5H1 signal.

A carrier signal is output at the first rising edge of the carrier clock if NRZ1 is set to 1.

When NRZ1 = 0, the TOH1 output is held at the high level and is not changed to low level while the carrier
clock is high level (from <6> and <7>, the high-level width of the carrier clock waveform is guaranteed).
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8-bit timer counter

<1>

<2>

<3>

<4>

<5>

224

Figure 8-15. Carrier Generator Mode Operation Timing (3/3)

(c) Operation when CMP11 is changed

8-bit timer H1
count clock

H1 count value
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Carrier clock <1>

When TMHE1 = 1 is set, 8-bit timer H1 starts a count operation. At that time, the carrier clock is held at the
inactive level.

When the count value of 8-bit timer counter H1 matches the CMPO01 register value, 8-bit timer counter H1 is
cleared and the INTTMH1 signal is output.

The CMP11 register can be rewritten during 8-bit timer H1 operation, however, the changed value (L) is
latched. The CMP11 register is changed when the count value of 8-bit timer counter H1 and the CMP11
register value before the change (M) match (<3>’).

When the count value of 8-bit timer counter H1 and the CMP11 register value before the change (M) match,
the INTTMH1 signal is output, the carrier signal is inverted, and 8-bit timer counter H1 is cleared to O0H.

The timing at which the count value of 8-bit timer counter H1 and the CMP11 register value match again is
indicated by the value after the change (L).
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CHAPTER 9 WATCH TIMER

9.1 Functions of Watch Timer
The watch timer has the following functions.

o Watch timer
e Interval timer

The watch timer and the interval timer can be used simultaneously.
Figure 9-1 shows the watch timer block diagram.

Figure 9-1. Block Diagram of Watch Timer

= fwx/24 =
Clear S | fwx ; g
S 5-bit counter fwx/2® | § F=INTWT
T Ko} ©
/2 S 11-bit prescaler ' ) 0
S Clear
TS fuul 24 {fu 25| fu/ 28 [fwl 27| fuf 28 ff2' ful2Mfwr2® ¥
<)
© INTWTI
Q
()
"

[ wrv7 | wrme | wrms | wrma | wims | wrmz | wrmi | wrmo |

Watch timer operation
mode register (WTM)

8 Internal bus 8

Remark fx: High-speed system clock oscillation frequency
fxt: Subsystem clock oscillation frequency
fw:  Watch timer clock frequency
fwx: fw or fw/2°
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(1) Watch timer

When the high-speed system clock or subsystem clock is used, interrupt requests (INTWT) are generated at

preset intervals.

Table 9-1. Watch Timer Interrupt Time

Interrupt Time When Operated at fxr = 32.768 kHz When Operated at fx = 10 MHz
21w 488 us 205 us
2%ffw 977 us 410 us
23w 0255 0.105 s
2" ffw 05s 0.210's

Remark fx: High-speed system clock oscillation frequency

(2) Interval timer

fxt: Subsystem clock oscillation frequency
fw: Watch timer clock frequency

Interrupt requests (INTWTI) are generated at preset time intervals.

Table 9-2. Interval Timer Interval Time

Interval Time When Operated at fxr = 32.768 kHz When Operated at fx = 10 MHz
2*fiw 488 us 205 us
2w 977 us 410 us
2%w 1.95ms 820 us
2'fw 3.91ms 1.64 ms
28w 7.81ms 3.28 ms
2°fw 15.6 ms 6.55 ms
2"%w 31.3ms 13.1 ms
2" fw 62.5ms 26.2ms
Remark fx: High-speed system clock oscillation frequency

226

fxt: Subsystem clock oscillation frequency
fw: Watch timer clock frequency
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CHAPTER 9 WATCH TIMER

9.2 Configuration of Watch Timer
The watch timer includes the following hardware.

Table 9-3. Watch Timer Configuration

Iltem Configuration
Counter 5 bits x 1
Prescaler 11 bits x 1

Control register Watch timer operation mode register (WTM)

9.3 Register Controlling Watch Timer
The watch timer is controlled by the watch timer operation mode register (WTM).

o Watch timer operation mode register (WTM)

This register sets the watch timer count clock, enables/disables operation, prescaler interval time, and 5-bit
counter operation control.

WTM is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears WTM to 00H.
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Figure 9-2. Format of Watch Timer Operation Mode Register (WTM)

Address: FF6FH  After reset: OOH R/W

Symbol 7 6 5 4 3 2 <1> <0>
WTM WTM7 WTM6 WTM5 WTM4 WTM3 WTM2 WTMA1 WTMO
WTM7 Watch timer count clock selection
0 fx/2" (78.125 kHz)
1 fxr (32.768 kHz)
WTM6 WTM5S WTM4 Prescaler interval time selection
0 0 0 2*fw
0 0 1 2°fw
0 1 0 2%/fw
0 1 1 2"ffw
1 0 0 2%fw
1 0 1 2%/
1 1 0 2"%w
1 1 1 2" fw
WTM3 WTM2 Interrupt time selection
0 0 2" fw
0 1 2"%/fw
1 0 2%fw
1 1 2%/fw
WTM1 5-bit counter operation control
0 Clear after operation stop
1 Start
WTMO Watch timer operation enable
0 Operation stop (clear both prescaler and timer)
1 Operation enable

Caution Do not change the count clock and interval time (by setting bits 4 to 7 (WTM4 to WTM7) of WTM)
during watch timer operation.

Remarks 1. fw: Watch timer clock frequency (fx/27 or fxt)
2. fx: High-speed system clock oscillation frequency
3. fx7: Subsystem clock oscillation frequency
4. Figures in parentheses apply to operation with fx = 10 MHz, fxt = 32.768 kHz.
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9.4 Watch Timer Operations

9.4.1 Watch timer operation
The watch timer generates an interrupt request (INTWT) at a specific time interval by using the high-speed system

clock or subsystem clock.
When bit 0 (WTMO) and bit 1 (WTM1) of the watch timer operation mode register (WTM) are set to 1, the count

operation starts. When these bits are set to 0, the 5-bit counter is cleared and the count operation stops.
When the interval timer is simultaneously operated, zero-second start can be achieved only for the watch timer by

setting WTM1 to 0. In this case, however, the 11-bit prescaler is not cleared. Therefore, an error up to 2% x 1/fw

seconds occurs in the first overflow (INTWT) after zero-second start.
The interrupt request is generated at the following time intervals.

Table 9-4. Watch Timer Interrupt Time

WTM3 WTM2 Interrupt Time Selection | When Operated at fxr = 32.768 kHz When Operated at fx = 10 MHz
(WTM7 = 1) (WTM7 = 0)
0 0 2" ffw 05s 0210s
0 1 2"%/fw 0.25s 0.105s
1 0 2w 977 us 410 us
1 1 2*fw 488 us 205 us
Remark fx: High-speed system clock oscillation frequency

fxt: Subsystem clock oscillation frequency

fw: Watch timer clock frequency
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9.4.2 Interval timer operation

The watch timer operates as interval timer which generates interrupt requests (INTWTI) repeatedly at an interval of
the preset count value.

The interval time can be selected with bits 4 to 6 (WTM4 to WTM6) of the watch timer operation mode register
(WTM).

When bit 0 (WTMO) of the WTM is set to 1, the count operation starts. When this bit is set to 0, the count operation
stops.

Table 9-5. Interval Timer Interval Time

WTM6 | WTM5 | WTM4 Interval Time When Operated at When Operated at
fxr = 32.768 kHz (WTM7 = 1) fx = 10 MHz (WTM7 = 0)

0 0 0 2ffw 488 us 205 us

0 0 1 2%/fw 977 us 410 us

0 1 0 2%/fw 1.95 ms 820 us

0 1 1 27 ffw 3.91ms 1.64 ms
1 0 0 2%/fw 7.81 ms 3.28 ms
1 0 1 2%fw 15.6 ms 6.55 ms
1 1 0 2"%fw 31.3ms 13.1 ms
1 1 1 2" 62.5ms 26.2 ms

Remark fx: High-speed system clock oscillation frequency
fxt: Subsystem clock oscillation frequency
fw: Watch timer clock frequency

Figure 9-3. Operation Timing of Watch Timer/Interval Timer

5-bit counter
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|
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Remark fw: Watch timer clock frequency
n: The number of times of interval timer operations
Figures in parentheses are for operation with fw = 32.768 kHz (WTM7 = 1, WTM3, WTM2 = 0, 0)
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9.5 Cautions for Watch Timer

When operation of the watch timer and 5-bit counter is enabled by the watch timer mode control register (WTM) (by
setting bits 0 (WTMO) and 1 (WTM1) of WTM to 1), the interval until the first interrupt request (INTWT) is generated
after the register is set does not exactly match the specification made with bits 2 and 3 (WTM2 and WTM3) of WTM.
Subsequently, however, the INTWT signal is generated at the specified intervals.

Figure 9-4. Example of Generation of Watch Timer Interrupt Request (INTWT) (When Interrupt Period = 0.5 s)

It takes 0.515625 seconds (max.) for the first INTWT to be generated (29 x 1/32768 = 0.015625 s longer). INTWT
is then generated every 0.5 seconds.

WTMO, WTM1

0.515625 s 05s 05s '

e 0]
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10.1 Functions of Watchdog Timer

The watchdog timer is used to detect an inadvertent program loop. If a program loop is detected, an internal reset

signal is generated.

When a reset occurs due to the watchdog timer, bit 4 (WDTRF) of the reset control flag register (RESF) is set to 1.

For details of RESF, refer to CHAPTER 20 RESET FUNCTION.

Table 10-1. Loop Detection Time of Watchdog Timer

Loop Detection Time

During Internal Oscillation Clock Operation

During High-Speed System Clock Operation

2"/ (4.27 ms)

2%xe (819.2 us)

2"/fr (8.53 ms)

2"/fxe (1.64 ms)

2%/r (17.07 ms)

2"%/xe (3.28 ms)

2"/fr (34.13 ms)

2"/fxe (6.55 ms)

2"/fr (68.27 ms)

2"fxe (13.11 ms)

2"/fr (136.53 ms)

2"%xe (26.21 ms)

2"/fr (273.07 ms)

2"xe (52.43 ms)

2"/fr (546.13 ms) 2%/fxe (104.86 ms)

Remarks 1. fr: Internal oscillation clock oscillation frequency
2. fxr: High-speed system clock oscillation frequency
3. Figures in parentheses apply to operation at frR = 480 kHz (MAX.), fxr = 10 MHz

The operation mode of the watchdog timer (WDT) is switched according to the option byte setting of the on-chip
internal oscillator as shown in Table 10-2.
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Table 10-2. Option Byte Setting and Watchdog Timer Operation Mode

Option Byte

Internal Oscillator Cannot Be Stopped

Internal Oscillator Can Be Stopped by
Software

Watchdog timer clock
source

Fixed to frV*".

o Selectable by software (fxp, fr or stopped)
e When reset is released: fr

Operation after reset

Operation starts with the maximum interval
(2"%/f).

Operation starts with maximum interval
(2"%/f).

Operation mode selection

The interval can be changed only once.

The clock selection/interval can be changed
only once.

Features The watchdog timer cannot be stopped. The watchdog timer can be stopped in
standby modeN°*® 2,
Notes 1. As long as power is being supplied, internal oscillator oscillation cannot be stopped (except in the reset

period).

2. The conditions under which clock supply to the watchdog timer is stopped differ depending on the
clock source of the watchdog timer.
<1> If the clock source is fxp, clock supply to the watchdog timer is stopped under the following

conditions.

e When fxp is stopped
e In HALT/STOP mode
o During oscillation stabilization time

<2> If the clock source is fr, clock supply to the watchdog timer is stopped under the following

conditions.

o If the CPU clock is fxp and if fRis stopped by software before execution of the STOP instruction
e In HALT/STOP mode

Remarks 1. fr: Internal oscillation clock oscillation frequency

2. fxp: High-speed system clock oscillation frequency
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10.2 Configuration of Watchdog Timer
The watchdog timer includes following hardware.

Table 10-3. Configuration of Watchdog Timer

Iltem Configuration

Control registers Watchdog timer mode register (WDTM)
Watchdog timer enable register (WDTE)

Figure 10-1. Block Diagram of Watchdog Timer

Zi;/fR to
2'8/fr
fr/22 —— = Clock )
input 16-bit Selector Ouput | _ rternal reset signal
fxp/24 . counter [ o controller
controller 3
2%%/fxp to
9 220/fxp
f Clear %3
j Option byte
7eH (to set “internal oscillator
Watchdog timer enable o] 1 [t \WDCS4\WDCS3\WDCSZ\WDC81\WDCSOI-—TO cannot be stopped” or
register (WDTE) Watchdog timer mode “internal oscillator can be
register (WDTM) stopped by software”)
2 Internal bus 2
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10.3 Registers Controlling Watchdog Timer

The watchdog timer is controlled by the following two registers.

o Watchdog timer mode register (WDTM)
o Watchdog timer enable register (WDTE)

(1) Watchdog timer mode register (WDTM)
This register sets the overflow time and operation clock of the watchdog timer.
This register can be set by an 8-bit memory manipulation instruction and can be read many times, but can be

written only once after reset is released.
RESET input sets this register to 67H.

Figure 10-2. Format of Watchdog Timer Mode Register (WDTM)

Address: FF98H  Afterreset: 67H R/W
Symbol 7 6 5 4 3 2 1 0
WDTM 0 1 1 WDCS4 WDCS3 WDCS2 ‘ WDCS1 ‘ WDCSO0
WDCS4N* lwDcsaNete! Operation clock selection
0 0 Internal oscillation clock (fr)
0 1 High-speed system clock (fxp)
1 X Watchdog timer operation stopped
wbcs2¥** 3wpcs 1Mt 3wpcsoNoe? Overflow time setting
During internal oscillation clock |During high-speed system clock
operation operation
0 0 0 2"/fr (4.27 ms) 2%/xe (819.2 us)
0 0 1 2"/ (8.53 ms) 2"/fxe (1.64 ms)
0 1 0 2"%/f= (17.07 ms) 2"%/fxe (3.28 ms)
0 1 1 2"/fr (34.13 ms) 2"%/fxe (6.55 ms)
1 0 0 2"/ (68.27 ms) 2"ixe (13.11 ms)
1 0 1 2"/fr (136.53 ms) 2"%xe (26.21 ms)
1 1 0 2"/fr (273.07 ms) 2"xe (52.43 ms)
1 1 1 2"%/fr (546.13 ms) 2%/fxe (104.86 ms)
Notes 1. If “internal oscillator cannot be stopped” is specified by the option byte, this cannot be set.

2.

The internal oscillation clock will be selected no matter what value is written.

Reset is released at the maximum cycle (WDCS2, 1,0=1, 1, 1).
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Cautions 1.

Remarks 1.
2,
3.
4,

If data is written to WDTM, a wait cycle is generated. Do not write data to WDTM
when the CPU is operating on the subsystem clock and the high-speed system clock
is stopped. For details, see CHAPTER 33 CAUTIONS FOR WAIT.

Set bits 7, 6, and 5 to 0, 1, and 1, respectively (when “internal oscillator cannot be
stopped” is selected by the option byte, other values are ignored).

After reset is released, WDTM can be written only once by an 8-bit memory
manipulation instruction. If writing attempted a second time, an internal reset signal
is generated. If the source clock to the watchdog timer is stopped, however, an
internal reset signal is generated when the source clock to the watchdog timer
resumes operation.

WDTM cannot be set by a 1-bit memory manipulation instruction.

If “internal oscillator can be stopped by software” is selected by the option byte and
the watchdog timer is stopped by setting WDCS4 to 1, the watchdog timer does not
resume operation even if WDCS4 is cleared to 0. In addition, the internal reset signal
is not generated.

fr: Internal oscillation clock oscillation frequency

fxp: High-speed system clock oscillation frequency

x: Don’t care

Figures in parentheses apply to operation at fr = 480 kHz (MAX.), fxr = 10 MHz

(2) Watchdog timer enable register (WDTE)
Writing ACH to WDTE clears the watchdog timer counter and starts counting again.

This register can be set by an 8-bit memory manipulation instruction.
RESET input sets this register to 9AH.

Figure 10-3. Format of Watchdog Timer Enable Register (WDTE)

Address: FF99H  After reset: 9AH R/W

Symbol

236

WDTE

7

6 5 4 3 2 1 0

Cautions 1.

If a value other than ACH is written to WDTE, an internal reset signal is generated. If
the source clock to the watchdog timer is stopped, however, an internal reset signal
is generated when the source clock to the watchdog timer resumes operation.

If a 1-bit memory manipulation instruction is executed for WDTE, an internal reset
signal is generated. If the source clock to the watchdog timer is stopped, however,
an internal reset signal is generated when the source clock to the watchdog timer
resumes operation.

The value read from WDTE is 9AH (this differs from the written value (ACH)).
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The relationship between the watchdog timer operation and the internal reset signal generated by the watchdog
timer is shown below.

Table 10-4. Relationship Between Watchdog Timer Operation and
Internal Reset Signal Generated by Watchdog Timer

Watchdog Timer
Operation

Internal
Reset Signal
Generation Cause

“Internal Oscillator
Cannot Be Stopped ” Is
Selected by Option Byte

(Watchdog Timer Is

Always Operating)

“Internal Oscillator Can Be Stopped by Software” Is Selected by Option Byte

Watchdog Timer Is
Operating

Watchdog Timer Stopped

WDCS4 Is Set to 1

Source Clock to
Watchdog Timer Is
Stopped

Watchdog timer

Internal reset signal is

Internal reset signal is

overflows generated. generated.
Write to WDTM for the Internal reset signal is Internal reset signal is Internal reset signal is Internal reset signal is
second time generated. generated. not generated and the generated when the

watchdog timer does
not resume operation.

source clock to the
watchdog timer
resumes operation.

Write other than “ACH”
to WDTE

Access WDTE by 1-bit
memory manipulation
instruction

Internal reset signal is
generated.

Internal reset signal is
generated.

Internal reset signal is
not generated.

Internal reset signal is
generated when the
source clock to the
watchdog timer
resumes operation.
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10.4 Operation of Watchdog Timer

10.4.1 Watchdog timer operation when “internal oscillator cannot be stopped” is selected by option byte

The operation clock of watchdog timer is fixed to the internal oscillation clock.
After reset is released, operation is started at the maximum cycle (bits 2, 1, and 0 (WDCS2, WDCS1, WDCSO0) of
the watchdog timer mode register (WDTM) = 1, 1, 1). The watchdog timer operation cannot be stopped.

The following shows the watchdog timer operation after reset release.

The status after reset release is as follows.

e Operation clock: Internal oscillation clock

e Cycle: 2"%r (546.13 ms: At operation with fr = 480 kHz (MAX.))

e Counting starts

The following should be set in the watchdog timer mode register (WDTM) by an 8-bit memory manipulation
instruction'°tes -2,

e Cycle: Set using bits 2 to 0 (WDCS2 to WDCSO0)

After the above procedures are executed, writing ACH to WDTE clears the count to 0, enabling recounting.

Notes 1. The operation clock (internal oscillation clock) cannot be changed. If any value is written to bits 3 and

4 (WDCS3, WDCS4) of WDTM, it is ignored.
2. Assoon as WDTM is written, the counter of the watchdog timer is cleared.

Caution In this mode, operation of the watchdog timer absolutely cannot be stopped even during STOP

238

instruction execution. For 8-bit timer H1 (TMH1), a division of the internal oscillation clock can
be selected as the count source, so clear the watchdog timer using the interrupt request of TMH1
before the watchdog timer overflows after STOP instruction execution. If this processing is not
performed, an internal reset signal is generated when the watchdog timer overflows after STOP
instruction execution.
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10.4.2 Watchdog timer operation when “internal oscillator can be stopped by software” is selected by option
byte
The operation clock of the watchdog timer can be selected as either the internal oscillation clock or the high-speed
system clock.
After reset is released, operation is started at the maximum cycle (bits 2, 1, and 0 (WDCS2, WDCS1, WDCSO0) of
the watchdog timer mode register (WDTM) =1, 1, 1).

The following shows the watchdog timer operation after reset release.
1. The status after reset release is as follows.
e Operation clock: Internal oscillation clock
e Cycle: 2'%/fr (546.13 ms: At operation with fr = 480 kHz (MAX.))
e Counting starts
2. The following should be set in the watchdog timer mode register (WDTM) by an 8-bit memory manipulation
instructionNo**s 22,
e Operation clock: Any of the following can be selected using bits 3 and 4 (WDCS3 and WDCS4).
Internal oscillation clock (fr)
High-speed system clock (fxp)
Watchdog timer operation stopped
e Cycle: Set using bits 2 to 0 (WDCS2 to WDCSO0)
3. After the above procedures are executed, writing ACH to WDTE clears the count to 0, enabling recounting.

Notes 1. As soon as WDTM is written, the counter of the watchdog timer is cleared.
2. Setbits7,6,and 5t0 0, 1, 1, respectively. Do not set the other values.
3. If the watchdog timer is stopped by setting WDCS4 and WDCS3 to 1 and X, respectively, an internal
reset signal is not generated even if the following processing is performed.
o WDTM is written a second time.
e A 1-bit memory manipulation instruction is executed to WDTE.
e A value other than ACH is written to WDTE.

Caution In this mode, watchdog timer operation is stopped during HALT/STOP instruction execution.
After HALT/STOP mode is released, counting is started again using the operation clock of the
watchdog timer set before HALT/STOP instruction execution by WDTM. At this time, the counter
is not cleared to 0 but holds its value.

For the watchdog timer operation during STOP mode and HALT mode in each status, refer to 10.4.3 Watchdog
timer operation in STOP mode and 10.4.4 Watchdog timer operation in HALT mode.
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10.4.3 Watchdog timer operation in STOP mode (when “internal oscillator can be stopped by software” is
selected by option byte)
The watchdog timer stops counting during STOP instruction execution regardless of whether the high-speed
system clock or internal oscillation clock is being used.

(1) When the CPU clock and the watchdog timer operation clock are the high-speed system clock (fxr) when
the STOP instruction is executed

When STOP instruction is executed, operation of the watchdog timer is stopped. After STOP mode is released,
counting stops for the oscillation stabilization time set by the oscillation stabilization time select register (OSTS)
and then counting is started again using the operation clock before the operation was stopped. At this time, the
counter is not cleared to 0 but holds its value.

Figure 10-4. Operation in STOP Mode (CPU Clock and WDT Operation Clock: High-Speed System Clock)

Normal
CPU operation _operation STOP Oscillation stabilization time Normal operation
Oscillation Oscillation stabilization time
stopped (set by OSTS register)

A I

Watchdog timer

Operating Operation stopped Operating

(2) When the CPU clock is the high-speed system clock (fxr) and the watchdog timer operation clock is the
internal oscillation clock (fr) when the STOP instruction is executed

When the STOP instruction is executed, operation of the watchdog timer is stopped. After STOP mode is
released, counting is started again using the operation clock before the operation was stopped. At this time, the
counter is not cleared to 0 but holds its value.

Figure 10-5. Operation in STOP Mode
(CPU Clock: High-Speed System Clock, WDT Operation Clock: Internal Oscillation Clock)

Normal
CPU operation _operation STOP Oscillation stabilization time \ Normal operation
Oscillation Oscillation stabilization time \
stopped (set by OSTS register)

S 0100000000000l SRR

Watchdog timer

Operating |Operation stopped Operating
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(3) When the CPU clock is the internal oscillation clock (fr) and the watchdog timer operation clock is the
high-speed system clock (fxr) when the STOP instruction is executed

When the STOP instruction is executed, operation of the watchdog timer is stopped. After STOP mode is
released, counting is stopped until the timing of <1> or <2>, whichever is earlier, and then counting is started
using the operation clock before the operation was stopped. At this time, the counter is not cleared to 0 but holds
its value.

<1> The oscillation stabilization time set by the oscillation stabilization time select register (OSTS) elapses.
<2> The CPU clock is switched to the high-speed system clock (fxp).

Figure 10-6. Operation in STOP Mode
(CPU Clock: Internal Oscillator Clock, WDT Operation Clock: High-Speed System Clock)

<1> Timing when counting is started after the oscillation stabilization time set by the oscillation stabilization time
select register (OSTS) has elapsed

Normal operation

(internal
CPU operation oscillation clock) STOP Clock supply stopped Normal operation (internal oscillation clock)
Oscillation Oscillation stabilization time
stopped (set by OSTS register)
11 S ST
17 clocks
Watchdog timer - - -
Operating Operation stopped Operating

<2> Timing when counting is started after the CPU clock is switched to the high-speed system clock (fxr)

Normal operation

(internal oscillation clock) CPU clock
Normal operation fr — fxplNOte
(internal Clock supply . )
CPU operation oscillation clock) STOP stopped Normal operation (high-speed system clock)

ol 1111 [

Oscillation | Oscillation stabilization time |

stopped (set by OSTS regjster)
o [UNAALUE AL __ ]
17 clocks
Watchdog timer
Operating Operation stopped ‘ Operating

Note Confirm the oscillation stabilization time of fxp using the oscillation stabilization time counter status register
(OSTC).
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(4) When CPU clock and watchdog timer operation clock are the internal oscillation clocks (fr) when the

STOP instruction is executed

When the STOP instruction is executed, operation of the watchdog timer is stopped. After STOP mode is

released, counting is started again using the operation clock before the operation was stopped. At this time, the

counter is not cleared to 0 but holds its value.

Figure 10-7. Operation in STOP Mode (CPU Clock and WDT Operation Clock: Internal Oscillator Clock)

Normal operation
(internal
CPU operation oscillation clock)

STOP Clock supply stopped Normal operation (internal oscillation clock)
Oscillation Oscillation stabilization time ‘
stopped (set by OSTS register)

e [UUUUUUUULULRL

Watchdog timer

17 clocks

Operating

Operation stopped

Operating

10.4.4 Watchdog timer operation in HALT mode (when “internal oscillator can be stopped by software” is

selected by option byte)

The watchdog timer stops counting during HALT instruction execution regardless of whether the CPU clock is the

high-speed system clock (fxp), internal oscillation clock (fr), or subsystem clock (fxt), or whether the operation clock of

the watchdog timer is the high-speed system clock (fxr) or internal oscillation clock (fr). After HALT mode is released,

counting is started again using the operation clock before the operation was stopped. At this time, the counter is not

cleared to 0 but holds its value.

CPU operation Normal operation

fxp

fr

fxr

Watchdog timer
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Figure 10-8. Operation in HALT Mode

HALT

Normal operation

T
Jujs

LA
UL

U UUULEARARRRRTUUDUULEY
Uuuuuiyuyul

Operating

Operation stopped

Operating
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CHAPTER 11 CLOCK OUTPUT/BUZZER OUTPUT CONTROLLER

11.1 Functions of Clock Output/Buzzer Output Controller

The clock output controller is intended for carrier output during remote controlled transmission and clock output
supply to peripheral LSls. The clock selected with the clock output selection register (CKS) is output.

In addition, the buzzer output is intended for square-wave output of buzzer frequency selected with CKS.

Figure 11-1 shows the block diagram of clock output/buzzer output controller.

Figure 11-1. Block Diagram of Clock Output/Buzzer Output Controller

X ———m Prescaler

8 A4 f20tofx/2!3

Selector

) >+ >—© BuzBUSYL
Q INTP7/P141
T Output latch
PM141
BZOE L (P141)

BCSO, BCS1

fx to fx/27

Clock
controller PCL/INTP6/P140
fxT

CLOE Output latch PM140

TFHTTT"’”O)

BZOE | BCS1 | BCSO | CLOE | CCS3 | CCS2 | CCSs1 | CCso

Selector

*—

Clock output selection register (CKS)

g Internal bus g
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CHAPTER 11 CLOCK OUTPUT/BUZZER OUTPUT CONTROLLER

11.2 Configuration of Clock Output/Buzzer Output Controller
The clock output/buzzer output controller includes the following hardware.

Table 11-1. Clock Output/Buzzer Output Controller Configuration

Item Configuration

Control registers Clock output selection register (CKS)
Port mode register 14 (PM14)
Port register 14 (P14)

11.3 Register Controlling Clock Output/Buzzer Output Controller

The following two registers are used to control the clock output/buzzer output controller.
e Clock output selection register (CKS)
e Port mode register 14 (PM14)

(1) Clock output selection register (CKS)

This register sets output enable/disable for clock output (PCL) and for the buzzer frequency output (BUZ), and
sets the output clock.

CKS is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CKS to 00H.
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Figure 11-2. Format of Clock Output

Selection Register (CKS)

Address: FF40H Afterreset: 00H R/W
Symbol <7> 6 5 <4> 3 2 1 0
CKS BZOE BCS1 BCSO CLOE CCSs3 CCSs2 CCs1 CCS0
BZOE BUZ output enable/disable specification
0 Clock division circuit operation stopped. BUZ fixed to low level.
1 Clock division circuit operation enabled. BUZ output enabled.
BCS1 BCSO BUZ output clock selection
0 0 x/2"° (9.77 kHz)
0 1 fx/2"" (4.88 kHz)
1 0 fx/2'? (2.44 kHz)
1 1 fx/2"® (1.22 kHz)
CLOE PCL output enable/disable specification
0 Clock division circuit operation stopped. PCL fixed to low level.
1 Clock division circuit operation enabled. PCL output enabled.
CCSs3 CCSs2 CCS1 CCS0 PCL output clock selection™°*
0 0 0 0 fx (10 MHz)
0 0 0 1 x/2 (5 MHz)
0 0 1 0 fx/2% (2.5 MHz)
0 0 1 1 fx/2° (1.25 MHz)
0 1 0 0 fx/2* (625 kHz)
0 1 0 1 fx/2° (312.5 kHz)
0 1 1 0 fx/2° (156.25 kHz)
0 1 1 1 fx/2” (78.125 kHz)
1 0 0 0 fxr (32.768 kHz)

Other than above

Setting prohibited

Note Setthe PCL output clock so that the following condition is satisfied.
e PCL output clock <10 MHz

Remarks 1.
2.

fx: High-speed system clock oscillation frequency

fxt: Subsystem clock oscillation frequency

3. Figures in parentheses are for operation with fx = 10 MHz or fxr = 32.768 kHz.
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CHAPTER 11 CLOCK OUTPUT/BUZZER OUTPUT CONTROLLER

(2) Port mode register 14 (PM14)
This register sets port 14 input/output in 1-bit units.
When using the P140/INTP6/PCL pin for clock output and the P141/INTP7/BUZ pin for buzzer output, set
PM140, PM141 and the output latch of P140, P141 to 0.
PM14 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM14 to FFH.

Figure 11-3. Format of Port Mode Register 14 (PM14)

Address: FF2EH Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM14 | 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ PM141 ‘ PM140 |
PM14n P14n pin /0O mode selection (n =0, 1)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

11.4 Clock Output/Buzzer Output Controller Operations

11.4.1 Clock output operation
The clock pulse is output as the following procedure.

<1> Select the clock pulse output frequency with bits 0 to 3 (CCSO0 to CCS3) of the clock output selection register
(CKS) (clock pulse output in disabled status).
<2> Setbit4 (CLOE) of CKS to 1 to enable clock output.

Remark The clock output controller is designed not to output pulses with a small width during output
enable/disable switching of the clock output. As shown in Figure 11-4, be sure to start output from the
low period of the clock (marked with * in the figure). When stopping output, do so after securing high
level of the clock.

Figure 11-4. Remote Control Output Application Example

11.4.2 Operation as buzzer output
The buzzer frequency is output as the following procedure.

<1> Select the buzzer output frequency with bits 5 and 6 (BCS0, BCS1) of the clock output selection register

(CKS) (buzzer output in disabled status).
<2> Set bit 7 (BZOE) of CKS to 1 to enable buzzer output.
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CHAPTER 12 A/D CONVERTER

12.1 Functions of A/D Converter

The A/D converter converts an analog input signal into a digital value, and consists of up to eight channels (ANIO to
ANI7) with a resolution of 10 bits.
The A/D converter has the following two functions.

(1) 10-bit resolution A/D conversion
10-bit resolution A/D conversion is carried out repeatedly for one channel selected from analog inputs ANIO to
ANI7. Each time an A/D conversion operation ends, an interrupt request (INTAD) is generated.

(2) Power-fail detection function
This function is used to detect a voltage drop in a battery. The A/D conversion result (ADCR register value) and
power-fail comparison threshold register (PFT) value are compared. INTAD is generated only when a
comparative condition has been matched.

Figure 12-1. Block Diagram of A/D Converter

AVRer
ADCS bit —
Tt
ANIPo1 6] Sample & hold circut .
ANI2P220—~] » | Vol mparator N
ANI3/P23O—=| £ LN : oltage comparato gL
ANI4/P24Q— © : L : R
ANIS/P25@— § : ; SR
ANIB/P26 ©— l I T
ANI7/P27 ©—] i AVss 77 el
ERRREEEEEEEEEEEEEE : Successive D
approximation P R AVss
register (SAR) . ﬁ;
— INTAD
Controller [+
.
A/ID conversion result Power-fail comparison
3 register (ADCR) threshold register (PFT)
| ADS2 ‘ ADS1 ‘ ADSO | |ADCS ‘ FR2 ‘ FR1 ‘ FRO ‘ ADCE| PFEN
Analog input channel A/D converter mode Power-fail comparison
specification register register (ADM) mode register (PFM)
(ADS)
S Internal bus S
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12.2 Configuration of A/D Converter

(M

(2

3

<R>

(4)

()

The A/D converter includes the following hardware.

Table 12-1. Registers of A/D Converter Used on Software

Iltem Configuration

Registers A/D conversion result register (ADCR)

A/D converter mode register (ADM)

Analog input channel specification register (ADS)
Power-fail comparison mode register (PFM)

Power-fail comparison threshold register (PFT)

ANIO to ANI7 pins

These are the analog input pins of the 8-channel A/D converter. They input analog signals to be converted into
digital signals. Pins other than the one selected as the analog input pin by the analog input channel specification
register (ADS) can be used as input port pins.

Sample & hold circuit
The sample & hold circuit samples the input signal of the analog input pin selected by the selector when A/D
conversion is started, and holds the sampled analog input voltage value during A/D conversion.

Series resistor string
The series resistor string is connected between AVRer and AVss, and generates a voltage to be compared with

the analog input signal.

Figure 12-2. Circuit Configuration of Series Resistor String

AVRrer ©
pech =] | 0<} ADCS
Series resistor string r<]; ADCE
Reference voltage
AVss © generator

Voltage comparator
The voltage comparator compares the sampled analog input voltage and the output voltage of the series resistor
string.

Successive approximation register (SAR)

This register compares the sampled analog voltage and the voltage of the series resistor string, and converts the
result, starting from the most significant bit (MSB).

When the voltage value is converted into a digital value down to the least significant bit (LSB) (end of A/D
conversion), the contents of the SAR register are transferred to the A/D conversion result register (ADCR).
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(6)

@)

(®)

)

A/D conversion result register (ADCR)

The result of A/D conversion is loaded from the successive approximation register (SAR) to this register each
time A/D conversion is completed, and the ADCR register holds the result of A/D conversion in its higher 10 bits
(the lower 6 bits are fixed to 0).

Controller

When A/D conversion has been completed or when the power-fail detection function is used, this controller
compares the result of A/D conversion (value of the ADCR register) and the value of the power-fail comparison
threshold register (PFT). It generates the interrupt INTAD only if a specified comparison condition is satisfied as
a result.

AVREF pin

This pin inputs an analog power/reference voltage to the A/D converter. Always use this pin at the same potential
as that of the Vob pin even when the A/D converter is not used.

The signal input to ANIO to ANI7 is converted into a digital signal, based on the voltage applied across AVRrer and
AVss.

AVss pin
This is the ground potential pin of the A/D converter. Always use this pin at the same potential as that of the Vss
pin even when the A/D converter is not used.

(10) A/D converter mode register (ADM)

This register is used to set the conversion time of the analog input signal to be converted, and to start or stop the
conversion operation.

(11) Analog input channel specification register (ADS)

This register is used to specify the port that inputs the analog voltage to be converted into a digital signal.

(12) Power-fail comparison mode register (PFM)

This register is used to set the power-fail monitor mode.

(13) Power-fail comparison threshold register (PFT)

This register is used to set the threshold value that is to be compared with the value of the A/D conversion result
register (ADCR).
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12.3 Registers Used in A/D Converter
The A/D converter uses the following five registers.

e A/D converter mode register (ADM)

¢ Analog input channel specification register (ADS)
e A/D conversion result register (ADCR)

e Power-fail comparison mode register (PFM)

e Power-fail comparison threshold register (PFT)
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(1) A/D converter mode register (ADM)
This register sets the conversion time for analog input to be A/D converted, and starts/stops conversion.
ADM can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 12-3. Format of A/D Converter Mode Register (ADM)

Address: FF28H Afterreset: 00H R/W

Symbol <7> 6 5 4 3 2 1 <0>
aom|Aapcs | o | FR2 | FRL | FRO | o | o | Abce |

ADCS A/D conversion operation control
0 Stops conversion operation
1 Enables conversion operation

FR2 FR1 FRO Conversion time selection°te*
fx = 2 MHz|fx = 8.38 MHz| fx = 10 MHz | fx = 16 MHz
0 0 0 |288fx |l44us | 34.3us| 28.8us |18 us
0 0 1 240/tx | 120us 28.6 us | 24.0us |15 us
0 1 0 192/fx | 96 us 22.9pus | 19.2us |12us
1 0 0 |144/fx |72us | 17.2us | 14.4us |9 us
1 0 1 120/fx | 60 us 143 us | 120us |75us
1 1 0 96/fx 48 us 115us | 96us |6 us
Other than above Setting prohibited

ADCE Boost reference voltage generator operation controlNot®2
0 Stops operation of reference voltage generator
1 Enables operation of reference voltage generator

<R> Notes 1. Set so that the A/D conversion time is as follows.

o Standard products, (A) grade products: 14 us or longer but less than 100 us
* (A1) grade products: 14 us or longer but less than 60 us
2. A booster circuit is incorporated to realize low-voltage operation. The operation of the circuit that
generates the reference voltage for boosting is controlled by ADCE, and it takes 14 us from operation
start to operation stabilization. Therefore, when ADCS is set to 1 after 14 us or more has elapsed from
the time ADCE is set to 1, the conversion result at that time has priority over the first conversion result.

Remark fx: High-speed system clock oscillation frequency
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Table 12-2. Settings of ADCS and ADCE

ADCS ADCE A/D Conversion Operation
0 0 Stop status (DC power consumption path does not exist)
0 1 Conversion waiting mode (only reference voltage generator consumes power)
1 0 Conversion mode (reference voltage generator operation stopped"°*)
1 1 Conversion mode (reference voltage generator operates)

Note Data of first conversion cannot be used.

Figure 12-4. Timing Chart When Boost Reference Voltage Generator Is Used

~— Boost reference voltage generator: operating —

Conversion Conversion Conversion . .
: : —=— Conversion stopped

Boost reference voltage 4 : :’\

operatlon ' waiting ' operation

Note The time from the rising of the ADCE bit to the falling of the ADCS bit must be 14 us or longer to stabilize
the reference voltage.

Cautions 1. A/D conversion must be stopped before rewriting bits FR0 to FR2 to values other than the
identical data.
2. For the sampling time of the A/D converter and the A/D conversion start delay time, see (11)
in 12.6 Cautions for A/D Converter.
3. If data is written to ADM, a wait cycle is generated. Do not write data to ADM when the CPU is
operating on the subsystem clock and the high-speed system clock is stopped. For details,
see CHAPTER 33 CAUTIONS FOR WAIT.
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(2) Analog input channel specification register (ADS)
This register specifies the input port of the analog voltage to be A/D converted.
ADS can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 12-5. Format of Analog Input Channel Specification Register (ADS)

Address: FF29H  Afterreset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
as| o | o | o | o | o |aps2|aApsi| Apso |
ADS2 | ADS1 | ADSO Analog input channel specification
0 0 o | Ano
0 0 1 | Az
0 1 o | Ane
0 1 1| AN
1 0 o | AN
1 0 1 | Anis
1 1 o | Ane
1 1 1| AN

Cautions 1. Be sure to clear bits 3 to 7 of ADS to 0.
2. If data is written to ADS, a wait cycle is generated. Do not write data to ADS when the CPU is
operating on the subsystem clock and the high-speed system clock is stopped. For details,
see CHAPTER 33 CAUTIONS FOR WAIT.
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3)

Symbol

ADCR 0 0 0 0 0 0

A/D conversion result register (ADCR)

This register is a 16-bit register that stores the A/D conversion result. The lower six bits are fixed to 0. Each time
A/D conversion ends, the conversion result is loaded from the successive approximation register, and is stored in
ADCR in order starting from the most significant bit (MSB). FFO9H indicates the higher 8 bits of the conversion
result, and FFO8H indicates the lower 2 bits of the conversion result.

ADCR can be read by a 16-bit memory manipulation instruction.

RESET input makes ADCR undefined.

Figure 12-6. Format of A/D Conversion Result Register (ADCR)

Address: FFO8H, FFO9H  After reset: Undefined R

FFO9H FFO8H
A N

Cautions 1. When writing to the A/D converter mode register (ADM) and analog input channel

254

specification register (ADS), the contents of ADCR may become undefined. Read the
conversion result following conversion completion before writing to ADM and ADS. Using
timing other than the above may cause an incorrect conversion result to be read.

2. If data is read from ADCR, a wait cycle is generated. Do not read data from ADCR when the
CPU is operating on the subsystem clock and the high-speed system clock is stopped. For
details, see CHAPTER 33 CAUTIONS FOR WAIT.
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(4) Power-fail comparison mode register (PFM)
The power-fail comparison mode register (PFM) is used to compare the A/D conversion result (value of the
ADCR register) and the value of the power-fail comparison threshold register (PFT).
PFM can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 12-7. Format of Power-Fail Comparison Mode Register (PFM)

Address: FF2AH  Afterreset: 00H R/W

Symbol <7> <6> 5 4 3 2 1 0
PrM|PrEN [PFcM | o | o | o | o | o | o |
PFEN Power-fail comparison enable

0 Stops power-fail comparison (used as a normal A/D converter)

1 Enables power-fail comparison (used for power-fail detection)

PFCM Power-fail comparison mode selection

Higher 8 bits of | Interrupt request signal (INTAD) generation
0 ADCR > PFT

Higher 8 bits of | No INTAD generation

ADCR < PFT

Higher 8 bits of | No INTAD generation
1 ADCR = PFT

Higher 8 bits of | INTAD generation

ADCR < PFT

Caution If data is written to PFM, a wait cycle is generated. Do not write data to PFM when the CPU is
operating on the subsystem clock and the high-speed system clock is stopped. For details, see
CHAPTER 33 CAUTIONS FOR WAIT.

(5) Power-fail comparison threshold register (PFT)
The power-fail comparison threshold register (PFT) is a register that sets the threshold value when comparing the
values with the A/D conversion result.
8-bit data in PFT is compared to the higher 8 bits (FFO9H) of the 10-bit A/D conversion result.
PFT can be set by an 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 12-8. Format of Power-Fail Comparison Threshold Register (PFT)

Address: FF2BH  After reset: 0O0OH R/W
Symbol 7 6 5 4 3 2 1 0
PFT | PFT7 | PFT6 | PFTs | PFT4 | PFT3 | PFT2 | PFTL | PFTO |

Caution If data is written to PFT, a wait cycle is generated. Do not write data to PFT when the CPU is
operating on the subsystem clock and the high-speed system clock is stopped. For details, see
CHAPTER 33 CAUTIONS FOR WAIT.
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12.4 A/D Converter Operations

12.4.1 Basic operations of A/D converter

<1>
<2>

<3>

<4>

<5>

<6>

<7>

<8>

<9O>
<10>

<11>
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Select one channel for A/D conversion using the analog input channel specification register (ADS).

Set ADCE to 1 and wait for 14 us or longer.

Set ADCS to 1 and start the conversion operation.

(<4> to <10> are operations performed by hardware.)

The voltage input to the selected analog input channel is sampled by the sample & hold circuit.

When sampling has been done for a certain time, the sample & hold circuit is placed in the hold state and the
input analog voltage is held until the A/D conversion operation has ended.

Bit 9 of the successive approximation register (SAR) is set. The series resistor string voltage tap is set to
(1/2) AVRer by the tap selector.

The voltage difference between the series resistor string voltage tap and analog input is compared by the
voltage comparator. [f the analog input is greater than (1/2) AVrer, the MSB of SAR remains set to 1. If the
analog input is smaller than (1/2) AVrer, the MSB is reset to 0.

Next, bit 8 of SAR is automatically set to 1, and the operation proceeds to the next comparison. The series
resistor string voltage tap is selected according to the preset value of bit 9, as described below.

e Bit9 =1:(3/4) AVRer

e Bit9=0: (1/4) AVRer

The voltage tap and analog input voltage are compared and bit 8 of SAR is manipulated as follows.

¢ Analog input voltage > Voltage tap: Bit 8 =1

e Analog input voltage < Voltage tap: Bit8 =0

Comparison is continued in this way up to bit 0 of SAR.

Upon completion of the comparison of 10 bits, an effective digital result value remains in SAR, and the result
value is transferred to the A/D conversion result register (ADCR) and then latched.

At the same time, the A/D conversion end interrupt request (INTAD) can also be generated.

Repea